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The refractory 
aluminum can't! 


... CRYSTOLON* Silicon Carbide 


Impact on a charging hearth . . . a surge 
of molten metal into a trough... attack by 
corrosive alloys, fluxes and slags A 
Norton CRYSTOLON Refractories stand up 
to all these rigors of aluminum melting and 
transfer operations. Their exceptional 
stamina and stability not only protect 
purity throughout critical processing but 
also sharply reduce refractory maintenance. 

Small wonder. CRYSTOLON Refractories 
are the most resistant to corrosion and 
erosion of all known refractories — and 
they offer outstanding mechanical strength 
and the highest resistance to thermal shock. 

Ideal for use at all key melting, holding 
and transfer points, CRYSTOLON Refrac- 
tories are specifically recommended for 
reverberatory and induction type furnaces. 
On the melting hearth, in the hot wall, in 
the holding hearth, and in many other 
critical areas, they assure longer refractory 
life . . . cleaner metal, free from refractory 
inclusions. What's more, CRYSTOLON Re- 
fractories are not wet under these corrosive 
conditions. Refractory surfaces stay clean 
longer . . . last longer. 

Use these versatile refractories wherever 
aluminum could cause costly trouble .. . 
wherever contamination is a threat: in 


melting areas, launders, spouts and simple 
valves ... for tap blocks and stopper rods. 
Take full advantage of today’s high purity 
pig . . . protect purity during your opera- 
tions. Reduce your reject losses with 
Norton CRYSTOLON Refractories. Several 
types are available to meet your precise 
requirements: oxide-bonded CRYSTOLON 
“G”"; nitride-bonded CRYSTOLON “‘N”’ and 
recrystallized CRYSTOLON “R” Silicon Car- 
bide. For complete details, write NORTON 
ComPANY, Refractories Division, 8s:0 New 
Bond Street, Worcester 6, Mass. 
NORTON PRODUCTS 
Abrasives ¢ Grinding Wheels * Grinding Machines 
Refractories Electrochemicals 
BEHR-MANNING DIVISION 
Coated Abrasives * Sharpening Stones 
Pressure-Sensitive Tapes 
*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries 
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COVER: 


Cover artist David Cain hiked into the Ramapo mountains to draw this month's cover—the old Southfield 
furnace. For the complete history of metallurgy in the Sterling Forest area, told by The Metallurgical 
Society Secretary R. W. Shearman and Managing Editor Wes Starratt, turn to p. 603. 


FALL MEETING PROGRAM AND ABSTRACTS 


Sterling, Ringwood, and Greenwood 
by R. W. Shearman and F. W. Starratt 


Nitrogen Quench of Experimental Blast Furnace 
by J. J. Bosley, N. B. Melcher, and M. M. Harris 


New Technique for Better Titanium Castings 
by M. L. Torti 


Hydrogen and Segregates in Flaking 
by T. E. Scott and A. R. Troiano 


Basic Construction in the Open Hearth 
by A. H. Sommer 


Treating Blind River Uranium Ores 
by R. P. Ehrlich, A. G. Roach, and K. D. Hester 


PHASES AND PROCESSES: Surface Treatments for Metals 
by W. R. Meyer 


Papers accepted for the TRANSACTIONS 


EDITORIAL STAFF: Editorial Director, Rixford A. Beals; Managing Editor, F. Weston Starratt; 
Associate Editor, James J. Burke; Production Editor, Otto Johnson; News Editor, 

R. M. Schelkopf; Editorial Assistant, C. M. Cardon. 

ADVERTISING REPRESENTATIVE: Persons Advertising, Inc. 122 East 42nd St., 

New York 17, N. Y.; SOUTHEASTERN ADVERTISING REPRESENTATIVE: 

Fred W. Smith & Associates, 1201 Forest View Lane, Vesthaven, Birmingham, Ala.; 
WESTERN ADVERTISING REPRESENTATIVE: Dillenbeck-Galavan Inc., 

266 S. Alexandria Ave., Los Angeles 4, Calif. 


Address insertion orders and copy to: Advertising Department, JOURNAL of Metals, 29 West 39th Street, New York 18, N. Y. Send 
plates to: JOURNAL OF METALS, C/O Lew A. Cummings Co., Inc., 215 Canal St., Machester, N. H. Published the first day of each 
month by the American Institute of Mining, Metallurgical and Petroleum Engineers, Inc., 29 West 39th Street, New York 18, N. Y. 
Telephone: PEnnsylvania 6-9220. Subscription $10 per year for non-AIME members in the United States and North, South, and Central 
America; $10, foreign; $6 for AIME members, or $4 additional for members only in combination with a subscription to “Mining Engi- 
neering” or “Journal of Petroleum Technology.’ Single copies, $1.50. Transactions of The Metallurgical Society of AIME, $5 addi- 
tional to members, $20 to non-members, and $25 foreign . . . The AIME is not responsible for any statement made or opinions expressed 
in its publications . . . Copyright 1959 by the American Institute of Mining, Metallurgical, and Petroleum Engineers, Inc. . . . Registered 
cable address, AIME New York . . . Indexed in Engineering Index, Industrial Arts Index, and Chemical Abstracts . . . Second class post- 
age paid at New York, N. Y., and at Manchester, N. H. Numbers of copies in this issue, 10,900. 
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PERSONNEL 


® These items are listings of the Engineeri 
Societies Personne! Service, inc. This Service, whi 
cooperates with the national societies of Civil 
Electrical, Mechanical, Mining, Metallurgical, a 
Petroleum Engineers, ts available to all engineers, 
members and non-members, and is operated on 
@ nonprofit basis. If you are interested in any of 
these listinas, and are not registered, you may 
apply by letter or resume and mail to the office 
meorest your place of residence, with the under- 
standing that should you secure a position as a 
result of these listings you will pay the regular 
employment fee of 5% of the first year's salary 
if @ non-member, or 4% if a member. Also, that 
you will agree to sign our placement fee arrange- 
ment which will be mailed to you immediately, by 
our office, after receiving your application. in 
sending applications be sure to list the key and 
job number. 

When making application for a position in- 
clude eight cents in stamps for forwarding ap- 
plication to the employer and for returning when 
possible. 

A weekly bulletin of engineering positions open 
is available at a subscription rate of $3.50 per 
quarter or $12 per annum for members, $4.50 per 
quorter or $14 per annum for non-members, pay- 
abie in advance. Loca! offices of the Personne! 
Service are ot 8 W. St., New York 18; 57 
Post St., San Francisco; 29 E. Madison St., Chi- 


cago 
— MEN AVAILABLE — 


Sales Engineer; Age 28, B.S. Met. 
Desires management position in 
sales engineering. Two years ex- 
perience in production supervision, 
quality, and costs of ferrous metals; 
one year of sales engineering, mar- 
keting, distributor relations, and 
customer contact in nonferrous met- 
als. Prefer foreign or New York 
metropolitan area. M-217. 


General Superintendent; Age 37, 
Min, Met (Mexico). Eleven years as 
asst mining supt, general mgr, asst 
general supt on Au-Ag-Pb mines, 
and cyaniding, flotation, and heavy- 
media mills. $6000 (US currency in 
Mexico). S(M)-1556. 


Ore Processing Manager; Age 46, 
ChemE. Three and one-half years 
leasing and operating  lead-zinc 
mine; six and one-half years as mgr 
of operations, plant supt, and re- 
search metallurgist on vanadium 
and lead-zine property. Was also in 
charge of operations, mine develop- 
ment facilities, and extraction with 
mining companies. $12,000. Prefer 
South America, US. S(M)-1349. 


Mill Supt; Age 25, ChemE. Mill 
engineer and metallurgist in com- 
plete charge of 150-ton acid-leach 
uranium mill. $7800. Any location. 
S(M)-1310. 


Research Supt; Age 48. Eight 
years as general mgr in charge of 
research and development in mining 
and metallurgy. $10,000. Prefer 
Phoenix. S(M)-1064. 


Technician; Age 25. Two years as 
technician with research company 
doing forging, swaging, extruding, 
and metallography studies; three 
months of hi-fi wiring; four years 
as Air Force technician in electron- 
ics, radar, analog computers. $600. 
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Prefer East, West, Midwest. S(M)- 
996. 


Mill Supt; Age 36, ME. Four and 
one-half years as mill supt in charge 
of operations, maintenance, grind- 
ing, and acid leaching in gypsum 
products plant; three and one-half 
years as plant engineer over dock 
maintenance, budgets, estimates in 
gypsum; one and one-half years as 
instructor in math and machine de- 
sign. $700. Prefer West. S(M)-554. 


Mill Metallurgist; Age 40, EM 
Min. Two and one-half years as asst 
supt of mines, survey, maintenance 
of mine and mill, and mechanical 
design; copper sulfide, and chemical 
manufacturing. Five years as steel- 
mill metallurgist; 9 months in sur- 
vey, reports, ore dressing, and mill 
supervision in chemical manfactur- 
ing. $6000. Any location. S(M)-1853. 


Nonferrous Metallurgist; Age 40, 
MetE. Twelve years as lead smelter 
metallurgist in charge of quantity, 
quality of production, maintenance, 
safety, and costs. About $650. Any 
location. S(M) -961. 


Metallurgist; Age 43, D.S. Met. 
Five years directing lab and metal- 
lurgical dept of specialty steels 
plant; one year as staff metallurgist 
in atomic energy for Government; 
four years as assoc prof of physical 
and process metallurgy; four years 


developing metals; one and one-half 
years work with powder metals. 
$14,000. Prefer West Coast. S(M)- 
894. 


Plant Engineer; Age 29, ME (Can- 
ada). Three and one-half years as 
plant engineer over maintenance, 
utilities, transportation in mine 
smelting, and refining. One and one- 
half years as supt of shops, main- 
tenance, and transportation with 
mining company. Two years as 
junior engineer doing designing and 
cost estimates for paper and board 
plant. $9000. Prefer Calif. or Mid- 
west. S(M)-286. 


Factory Manager; Age 35, MetE 
(Canada). One and one-half years 
of industrial furnace sales; seven 
years as asst works mgr, foundry 
metallurgist, and casting metallur- 
gist for steel foundry and products. 
$700. Prefer East or West. S(M)-664. 


Metallurgist; Age 30, M.S. Met. 
Three years as asst mill metallurgist 
milling copper ore; one year as lab 
supervisor for plant control and 
ingot production of titanium prod- 
ucts; 9 months working with tung- 
sten ore; one and one-half years as 
analytical chemist, U-Vores process- 
ing; one year contract miner in Pb- 
Zn ore. $8000. Prefer South America, 
Rocky Mountains. S(M)-487 


(Continued on page 546) 


involving the following: 


metal deformation. 


please send resumé to: 


Mr. J. E. McMahon 


P. O. Box 44 


LINDE 


METALLURGICAL RESEARCH 


The Tonawanda Laboratories of the Linde Company offer in- 
teresting metallurgical research programs for METALLURGICAL 
ENGINEERS, PHYSICAL CHEMISTS and CHEMICAL ENGINEERS 


1. Study of mechanisms by which inert and reactive gases in- 
fluence metal-refining processes. 
2. The role which gases play in limiting the rate or extent of 


3. Experimentation with high-current-density-arc-plasma de- 
vices for molten and solid state metallurgical processing. 


Linde’s Tonawanda Laboratories are located in suburban Buffalo. 
The Laboratories offer modern facilities with outstanding supporting 
services as well as excellent benefit plans and remuneration com- 
mensurate with background and experience. Bachelor's, Master's and 
Ph.D.’s who are interested in discussing these programs further 


Tonawanda Laboratories 


LINDE COMPANY 


Division of Union Carbide Corporation 


Tonawanda, New York 
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(Continued from page 544) 
— POSITIONS OPEN — 


Sales Engineer with degree in 
metallurgy or mechanical engineer- 
ing preferred. Up to three years 
industrial experience desirable, but 
not essential. Training program will 
include exposure to products and 
their application by contact with 
headquarters sales office operations, 
research and development activities, 
and manufacturing facilities for a 
period of approximately one year. 
Will be assigned to territory as sales 
engineer at end of training. Com- 
pany is engaged in production of 
cast and forged steel valves for 
high-temp and high-pressure ser- 
vices. Salary, $5100 to $6000. Head- 
quarters: Midwest. W7708. 


Field Engineers with degrees in 
metallurgy, mechanical, or electrical 
engineering. Must have at least 
two years O.E.M. selling in either the 
metal trades, electronic, or electrical 
components fields. Excellent salary 
plus sales incentive bonus and other 
benefits. Car provided. Locations: 
New York area and nearby states. 
W7678. 


Metallurgists. a) Manager of 
technical lab with advanced degree 
in physical metallurgy and at least 
five years experience in research 
and development, preferably in 


+4 NO. 1512 / 


ment of this type of equipment. 


The convenience of this streamlined polishing equipment saves time and encourages 


NO. 1513 


large, well-organized lab. Will be 
responsible for carrying out re- 
search and development programs, 
technical service to sales dept, and 
co-operate with plant technical 
problems. Lab does alloy and chemi- 
cal product development. Salary, 
around $15,000. b) Physical metal- 
lurgist in applied research at project- 
responsibility level. Will take re- 
cent grad or someone with up to five 
years experience. Recent graduate 
should have advanced degree. Loca- 
tion: East. W7677. 


Sales Engineers for process equip- 
ment used in metallurgical, chemical, 
and sanitary fields. Preference given 
to those in metallurgy, chemistry. 
Salaries, $7000 to $10,000 base, plus 
commissions. Territories: New York, 
Chicago, and other US cities. 
W7528(a). 


Mill Superintendent gold 
quartz. Any age, experienced in 
metallurgy and operation, particu- 
larly cyanidation. Ore treated in 
gold-bearing quartz recovered by 
amalgamation and cyanidation. A 
lead concentrate is also recovered 
by flotation. Must have good knowl- 
edge of Spanish. Need man by Oct. 
or Nov. to familiarize himself with 
mill and operation. Salary, open. 
Location: South America. S(P) -4556. 


Field Engineer with Min E or 
other engineering field and two or 
three years experience in mining 


or quarrying. To visit mines and 
quarries to observe tests of company 
products (rock bits for blast hole 
drilling and rock cutters for drilling 
shafts and tunnels), discuss prob- 
lems of drilling with mine and 
quarry management, study mechani- 
cal and metallurgical aspects of 
products for drilling, suggest new 
designs, evaluate practices, and 
economical aspects of new projects. 
Short training program provided. 
Travel extensively. Headquarters: 
Southwest. S(P)-4540. 


Instrument Designer. Experience 
in design, selection, and application 
of recording instruments and auto- 
mation systems. With nonferrous 
metal concern, including mill, mine, 
and smelter. Salary, $640 to $864. 
Location: N.M. S(P)-4458. 


Metallurgist with 3 to 10 years 
experience in physical metallurgy, 
preferably in nonferrous metals and 
development of new alloys. X-ray 
diffraction very desirable. For con- 
sultant in S. Calif. Salary, $700 to 
$950. S(P)-4534-Ra. 


Administrative Assistant to work 
with chief engineer. Prefer gradu- 
ate Met E, ME, or EE with at least 
10 years supervisory experience in 
design, estimating, or operation 
phases of metal mine plants, mills, 
concentrators, smelters, or refineries. 
Will be responsible for engineering 
dept personnel, cost control, and 

(Continued on page 548) 


BUEHLER POLISHING DESK 


matching storage cabinet... 


the operator to produce the highest quality of polished sample. 


Item No. 1511 is a two-unit polishing table with Formica top approximately 60” long / 
x 27” deep by 30” high to table top. Two 12” swing spouts, drain, 8” diameter wash bowl if 


plumbing and wiring. 


Recommended accessories to complete an efficient set up for maximum convenience 
are: No. 1512 storage cabinet with recessed light and No. 1513 supporting panel for 


installation above polishing desk. Or, No. 1514 floor model storage cabinet. Both 
cabinets can be used together to advantage in most laboratories. 


The Formica top and back on the table and cabinet is installed with a smooth 


7 maximum efficiency in the production of 
specimens in the metallurgical laboratory the Buehler cabinet type polishing 
table with companion storage cabinets represents the latest modern develop- 


Formica edge that eliminates all metal rims that may form pockets for water and 
dirt. Covers are held in place on the back by magnetic holders. The large 8” wash bowl 
is a new feature that enables the operator to use both hands in washing specimens. 

All metal construction finished in hammer tone grey makes a very attractive 
appearance. Prompt delivery can be made on these new items. 


The Buehler Line of Specimen Preparation Equip t includ . « « Cut-Off Machines 
Specimen Mount Presses * Power Grinders © Emery Paper Grinders © Hand Grinders ¢ Belt 
Surfacers * Mechanical and Electro Polishers * Polishing Cloths © Polishing Abrasives 
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METALLURGICAL APPARATUS 
* 2120 Greenwood Avenue, Evanston, lilinois 
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A true SOLID SOLUTION of tungsten 
and molybdenum is now in produc- 
tion at Sylvania. Finished ingots and 
electrodes can be made to contain 
any proportions of these metals, in- 
cluding 50/50. 

The new Sylvania process assures 
a true solid solution throughout every 
ingot . . . an assurance never possible 
with other processes. 


This breakthrough results in a vir- 
tually new metal... combining many 


¥SYLVANIA® 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 


Breakthrough in 50/50 Tungsten-Molybdenum! 


of the best qualities of both tungsten 
and molybdenum with hitherto un- 
obtainable uniformity. 


Sylvania currently is turning out 
arc-casting electrodes and direct-forg- 
ing ingots in sizes up to 4 feet long 
and 5 inches in diameter. New equip- 
ment now being installed will yield 
ingots to 10 inches in diameter and 4 
feet ‘in length. Ask your Sylvania 
representative for further details, or 
write to the address below. 


Sytvania ELectric Propucts Inc. 


Chemical & Metallurgical Div. 


Towanda, Penna. 
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ZEUS DELTA ALBM 


These and other vital missile and space projects 
at DOUGLAS have created prime opportunities for 


WELDING ENGINEERS anc 
METALLURGICAL ENGINEERS 


(B.S., M.S. or Ph.D.) 


Several outstanding openings exist in production, development and 
research. Areas include fusion welding and design consultation. 
Aircraft or missile experience is preferred but is not mandatory. 


/ For full information contact 
C. C. LaVene, Box 621-F 


aN Douglas Aircraft Company 


Santa Monica, California 


DOUGLA. 
> 


The most respected name in aircraft, missile and space technology 
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(Continued from page 546) 
special assignments or _ studies. 
Salary, $12,000 to $14,000. Location: 
West. S(P)-4465-R. 


Physical Metallurgist for research 
in developing aluminum alloys and 
fabricating practices. Salary com- 
mensurate with education and ex- 
perience. Location: Pacific North- 
west. S(P)-4441. 


Research Engineer, M.S. MetE, 
ChemE, or Chem (not mining), or 
B.S. with exceptionally strong re- 
search experience. Must be interested 
in applying knowledge to solution of 
industrial problems rather than to 
fundamental research. Dept con- 
ducts applied research and develop- 
ment on new processes and major 
process improvements in fields of 
mineral beneficiation, hydrometal- 
lurgy, and pyrometallurgy. Salary 
commensurate with training and 
experience; liberal fringe benefits. 
Location: West. S(P)-4257. 


Sales Engineer. Graduate in met- 
allurgy or mining with several 
years of commercial experience in 
selling or purchasing ores and min- 
erals. Will represent producing 
mines supplying iron ore to Japa- 
nese steel companies. Must be 
married, preferably with family. 
Salary open, plus free housing and 
business expenses. Location: Japan. 
S(P)-4400. 


Assayers. Graduate Met., Chem, or 
ChemE with supervisory experience 
or management background. For 
company specializing in quantitative 
analysis and metallurgical extractive 
field for mining and smelting com- 
panies. Salary, open, plus stock in 
company. Location: Ariz. S(P) -4411. 


USE the SERVICES of 
THE ENGINEERING 


SOCIETIES LIBRARY 


29 West 39 Street, 
New York 18, N. Y. 


SALES METALLURGIST 


Challenging opportunity to develop 
sales of new heat and corrosion re- 
sistant alloy division of old well es- 
tablished steel foundry. Metallurgical 
degree and customer contact experi- 
ence essential. Prefer man in 30's 
with top management potential. Fin- 
est living and recreational advantages. 
Send complete resume, including 
salary requirements, and photo if 
available, to 
W. E. Niemack! 
Minneapolis Electric 
Steel Castings Co. 
3800 N.E. Sth St. 


Minneapolis 21, Minn. 
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Ferromanganese- 


Ferromangane e-silicon allows savings of as much as silicon gives 


$8 per ton, depending upon practice, in the production of lower costs, 

high-manganese stainless steels. It also reduces manganese costs ona { 

for the chromium-nickel grades of stainless. manganese 
recoveries. 


The alloy is both an efficient slag reducing agent and the 
lowest-priced source of low-carbon manganese currently available. 
For details on cost reductions in your practice, contact your 
UNION CARBIDE METALS representative. 


METALS 


UNION CARBIDE METALS COMPANY, Division of Union Carbide 

Corporation, 30 East 42nd Street, New York 17, N. Y. 
Electromet Brand Ferroalloys 
and other Metallurgical Products 


The terms “Electromet” and “Union Carbide” are registered trade-marks of Union Carbide Corporation. 


“We've cut stainl ith licon” 
eve cut stainless costs wi erromanganese-silicon 
os 


How to contain a jet engine a 


THE BALTIMORE STEEL COMPANY makes shipping containers for aircraft (a & 
engines, torpedoes, missiles, and other ordnance items. The containers  ™- 
are designed to accompany their cargo almost into the enemy’s teeth. bay 


They are impact-resistant, shock-mounted, hermetically sealed, pressur- 
ized and humidity-controlled. 

There were three reasons why the designers selected USS Cor-TEN 
High-Strength Low-Alloy Steel for the outer shells of these containers: 


1. The contents demand that the containers be strong and impact-resistant . . . Wd 
tactics demand that they be light and maneuverable. USS Cor-TEN Steel has ‘ 
a minimum yield point of 50,000 psi—50% higher than carbon steel—so it can 

be used in stronger, thinner, lighter gages, saving as much as 100 lbs. per 

container. 
2. To permit storage in the field, the containers must be highly corrosion- haa 
resistant, and USS Cor-TEn Steel has four to six times more atmospheric 
corrosion resistance than carbon steel. The containers are reusable—have a 
service life of about ten years. 

3. Cor-TEN Steel saves money. First, its strength permits the use of less steel, a 
cutting production costs an estimated 8%. Second, maintenance costs are * ne 
reduced because paint life on Cor-TEN Steel is 50 to 100% longer. eee 


U. S. Steel produces three brands of High Strength Steels—Cor-TeEn, 
Tri-Ten, and MAN-TEN, in addition to the remarkable USS “T-1” Con- 
structional Alloy Steel, and a complete line of stainless steels. Each has a x 
characteristics that make it ideal for special design applications. For Me 


complete information about these “steels that do more,” write to United 
States Steel, 525 William Penn Place, Pittsburgh 30, Pa. 
USS, COR-1EN, TRI-TEN, MAN-TEN and “T-1" are registered trademarks 


United States Stee! Corporation—Pittsburgh 
American Stee! & Wire—Cleveland 
Columbia-Geneva Steel—San Francisco 

Tennessee Coal & lron—Fairfield, Alabama 

United States Stee! Supply—Stee! Service Centers 
United States Stee! Export Company 


United States Steel 


MR. C. EDWARD BELLEW, CHIEF ENGINEER. THE BALTIMORE STEEL COMPANY 
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new books 


Books that are marked (¢@) 
may be ordered through AIME 
Address Irene K. Sharp, AIME 
Book Dept., 29 W. 39 St., New 
York 18 N. Y. A discount is 
given whenever it is possible 


Mathematics Dictionary, Second Edi- 
tion, Glenn James, editor, D. Van 
Nostrand Co. Inc., Princeton, 544 pp., 
$15.00—Designed as a time-saving 
reference, this revised edition has 
been enlarged to include 7000 math- 
ematical terms, concepts, and rela- 
tionships, plus multilingual indexes 
giving Russian, German, French, and 
Spanish equivilents. e 

The Development of Iron and Steel 
Technology in China, by Joseph 
Needham, The Newcomen Society, 
The Science Museum, London S.W. 
7, 88 pp., 31 plates, $8.15, 1958—The 
Chinese used cast iron some 18 
centuries before it was appreciated 
in Europe, and by combining 
wrought iron with cast iron, they 
produced steel of reasonably well- 
controlled carbon content. This book, 
a chapter from the forthcoming 
Volume IV of the author’s Science 
and Civilization in China, gives a 
picture of one of the most interest- 
ing phases of metallurgical history. 


It contains extensive translations 
from early Chinese writings, repro- 
ductions of early illustrations of 
blast furnaces, and photographs of 
castings. There is also an extensive 
bibliography. 


Creep of Engineering Materials, by 
Iain Finnie and William R. Heller, 
McGraw-Hill Book Co. Inc., New 
York, 327 pp., 126 ill., $11.50, 1959— 
Two experts in the field provided a 
well-rounded treatment of creep, 
ranging from the mechanisms in- 
volved in the creep of different 
classes of materials to advances in 
newly developed metals for use in 
aircraft and nuclear power. Topics 
discussed include creep _ testing, 
measurement of creep variables, 
stress analysis under creep condi- 
tions, and factors in choosing a de- 
sign stress. The book provides a per- 
spective view of the advantages and 
limitations of different materials 
which undergo creep. e 

Gmelins Handbuch der Anorgani- 
schen Chemie, Verlag Chemie, Wein- 
heim/Bergstrasse, Germany, eighth 


MECHANICAL ENGINEER (Tool En- 
gineer) with research experience for 
supervising research in the punching of 
sheet steels. Salary commensurate with 
training and experience. Large Re- 
search Laboratory, Pittsburgh Area. 
Forward complete resume and salary 
requirements to Box No. 11-JM. 


num desirable. 


PHYSICAL METALLURGISTS 


Opportunities for creative industrial research in new, fully equipped 
non-ferrous Metals Research Laboratory in New Haven, Connecticut. 


Access to facilities of major university. 
Pleasant living in New England cultural and recreational center. 


Career positions available for fundamental and applied research 
in the physical metallurgy of aluminum-base alloys. 


Ph.D. or equivalent required. Experience in the technology of alumi- 


Send detailed resume to: 
E. R. Patterson, Employment Manager 
Olin Mathieson Chemical Corporation 
New Haven, Connecticut 
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edition, 576 pp., $79.68, 1958—Com- 
pounds and alloys of germanium, its 
technical preparation and its proper- 
ties—particularly the optical, elec- 
tric, and photoelectric—are covered 
in detail, with over 400 pages de- 
voted to the physics of germanium 
emphasizing the technical signifi- 
cance as related to semiconductor 
phenomena, transistors, and photo- 
transistors. Parallel columns of Eng- 
lish and German tables of contents 
assist. e 

Bibliography on Shell Molding (ESL 

(Continued on page 554) 


METALLURGIST 


M.S., Ph.D., preferably with five years 
experience in heavy steel industry. 
Must have thorough working knowl- 
edge of basic open-hearth and elec- 
tric furnace steel melting and hot 
working operations. Should have 
strong interest in physical chemistry 
of steelmaking and in physical metal- 
lurgy. The position involves research 
and development in deoxidation and 
desulfurization of iron and steel. Plant 
located on Texas Gulf Coast. Please 
send completed resume to 


Box 12-JM 


Metallurgists 


For work on 
Materials Research 
Liquid Metal Technology 
Metallography and Effects 
of Radiation on Materials 


| | 
| | 
| 
| | 
| 
| | 
Interesting Opportunities 
in the field of l 
| Liquid Metal Fuel 
| Reactor Systems | 
| exist at a laboratory engaged in | 
FUNDAMENTAL & 

| 

| APPLIED RESEARCH ON 
| NUCLEAR REACTOR | 
l COMPONENTS | 
| | 
| | 
| 
| | 
| | 
| 
| | 
| 
| | 
| | 


Candidates should have an advanced 
degree or experience 
SEND COMPLETE RESUME 
to 
Employment Supervisor 


BROOKHAVEN 


NATIONAL LABORATORY 
ASSOCIATED UNIVERSITIES, INC. 
UPTON, L.I., N. Y. 
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CHICAGO 


International Amphitheatre, Nov. 2-6, 1959 


Here is an atmosphere steeped in discovery of the 
future — a preview of the kind of metalworking magic 
and technical wizardry that will propel America into 
the soaring 60’s. Inspiring exhibits and thought- 
provoking technical sessions will draw 50,000 
men of metalworking into a dynamic conclave 
of progress-producing activity. 
Plan NOW to attend—you'll come away 
with new ideas, better equipped for 
the challenge of competition 
in the 60's! 


)PEN—WRITE..WIRE OR CALL + 
“LIST OF AVAILABLE BOOTHS. 


NATIONAL METAL CONGRESS and EXPOSITION 


Sponsored by the AMERICAN SOCIETY FOR METALS 
Metais Park + Novelty, Ohio 


i Cooperating Activities: The Metallurgical Society of AIME; Special Libraries Association—Metals Division; American — 

Society for Non-destructive Testing, Inc. A iati pre- Society for Testing Materiais—Committee 8-9; and the 
senting technical i in cooperation with &@ : Metal extensive programs of the American Society for Metals — 
Powder Industries Federation; Meta! Treating Institute; with the William Park Woodside Memorial Sessions, and © 
Ultrasonic Manufacturers’ tion; 
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BOOKS 


(Continued from page 552) 
Bibliography No. 13), Engineering 
Societies Library, 29 W 39th St., New 
York 18, N. Y., $2.00—This is a 
selected list of over 200 annotated 
references to books, reports, and 
magazine articles published from 
1952 to 1958, covering all aspects of 
shell molding including theory, prin- 
ciples, production practice in large 
and small ferrous and nonferrous 
foundries, materials, design, testing 
methods, equipment, and costs. e 


Solid State Magnetic & Dielectric 
Devices, edited by H. W. Katz, John 
Wiley & Sons Inc., New York, 542 
pp., $13.50, 1959—Beginning with a 
classical treatment of magnetization 
and polarization (the essential elec- 
tric properties), and later showing 
the general application of these 
principles to electrochemical phe- 
nomena, to square loop material, 
and to microwave frequencies, this 
volume will be useful to readers in- 
terested in new computer compo- 
nents, new materials for filters, and 
delay lines. Ferrites and titanates 
are currently being exploited for 
device applications. Since the de- 
vices developed from these mate- 
rials extend over many isolated 
fields, it has been difficult to find an 
inclusive treatment of the theory 
and application of them. Besides 
compensating for this literary void, 


The Rhodesia Broken Hill 
Development Company 
Limited 
Broken Hill, Northern Rhodesia. 


METALLURGICAL 
ASSISTANTS 


The above Mine invites applications 
for posts of Metallurgical Assistants to 
be trained for supervisory posts in 
metallurgical operations. 

Applicants should hold a degree in 
Metallurgy or in Chemical Engineer- 
ing and be interested in processing 
methods involving concentration, 
leaching and electrolysis for the pro- 
duction of zinc, in acid plant opera- 
tions, or in lead production covering 
mineral concentration, sinter plant 
operation and blast furnace operation. 
Applicants must have at least three 
years’ practical experience. 

Commencing salary will be between 
£1,250 and £1,750 per annum, depend- 
ing upon qualifications and experience. 
There is also cost-of-living allowance 
payable, amounting at present to £78 
per annum. The company has a con- 
tributory pension and life assurance 
scheme and adequate medical ser- 
vices. Free unfurnished married hous- 
ing accommodation or single accom- 
modation is available. 

On engagement the employee's fare 
and expenses to Broken Hill will be 
paid. Leave entitlement is between 41 
and 52 days per annum, depending on 
the salary range, and may be accum- 
ulated over a period of three years. 

The property is situated in an at- 
tractive township with excellent rec- 
reational amenities which can be en- 
joyed in Rhodesia's consistently 
pleasant climate 

Applications should, in the first 
instance, be addressed by Air Mail 
to: 

The General Manager, 
The Rhodesia Broken Hill Development 
Co. Ltd., P. O. Box 45, 
Broken Hill, NORTHERN RHODESIA, 
giving details of previous training and 
ex perience. 


the authors also present information 
on miniaturized filters, the theory of 
magnetic recording, and microwave 
applications. 


Materials for Rockets and Missiles, 
by R. G. Frank and W. F. Zimmer- 
man, The MacMillan Co., N. Y., 124 
pp., $4.50, 1959—An urgent need for 
a single source of engineering data 
on the lightweight, high-temper- 
ature, rockets and missiles has been 
met with the pubication of this book. 
Within its covers materials are com- 
pared according to their chemistries 
and selected physical properties, 
such as density, coefficients of ther- 
mal expansion and conductivity, 
elastic moduli, and impact strength. 
New material fabrications processes, 
including high-temperature brazing, 
chipless production, and unconven- 
tional machining techniques are also 
covered. The authors are flight engi- 
neers at the Flight Propulsion labo- 
ratory of the General Electric Co., 
Cincinnati. e 


Modern Pearlitic Malleable Cast- 
ings Handbook, prepared by the 
Malleable Research and Develop- 
ment Foundation, Granville, Ohio, 
74 pp., 1958—Relatively new in the 
metallurgical field, pearlitic malle- 
able’s increasing application in cast- 
ings for critically loaded structural 
parts in modern machines and other 
products, indicates acceptance by 
quality-minded engineers. PM Hand- 
book provides an introduction to 
pearlitic malleable for those who 
have not designed for it and for 


METALLURGISTS — CHEMISTS 
BS — MS — PHD 


To study dissolution of intermetallic 
compounds, reaction mechanisms and de- 
velop etches for investigation of crystal 
perfection and microstructure. Study spe- 
cial etching problems on semiconductor 
materials. Experience and training in sur- 
face chemistry desirable but not essential. 
Send resume to 


M. F. McConkey 
Industrial Relations — Dept. 819 
WESTINGHOUSE 
RESEARCH LABORATORIES 


Beulah Road, Churchill Borough 
Pittsburgh 35, Pennsylvania 


those who wish the latest technical 
information on the versatile mate- 
rial. The Handbook is offered with 
no charge at the Foundation office 
in Granville. 


Solvent Extraction in the Analysis 
of Metals, STP 238, by the American 
Society for Testing Materials, Phila- 
delphia, 60 pps., $2.25, 1959—A col- 
lection of symposium papers on such 
subjects as: Convergence of Tie 
Lines in Ternary Liquid Systems 
...1 The Use of Tri-n-Octylphosine 
Oxide in Analytical Chemistry; 
Eight-Hydroxyquinaldine Extrac- 
tions Applied to the Analysis of 
Metals; and The Role of Organic 
Solvents in Flame Photometry. e 


Quenching of Steels, edited by Ted 
DuMond, Technical Book Diw., 
American Society for Metals, Cleve- 
land, 77 pps., $2.95, 1959—A volume 
of six papers presented at ASM’s 
40th National Metal Congress in 
Oct., 1958. Topics covered include: 
The How and Why of Quenching; 
Quenching—A Thermal Process; 
Evaluation of Quenching; Hot Oil 
Quenching; Basis of Selection of 
Quench Media; and Automatic 
Quenching. e 


Symposium on the Basic Mechan- 
isms of Fatigue, STP 237 by the 
American Society for Testing Ma- 
terials, Philadelphia, 128 pps., $3.75, 
1959—The book consists of six pa- 
pers, explaining what affects fatigue 
performance. Mechanisms of failure, 
such as dislocations, internal fric- 
tion, crystalline and structural 
changes, and surface disintegrations 
are examined. Subjects include: 
Dislocation Behavior ix Lithium 
Fluoride Crystals During Cyclic 
Stressing; Cycle-Dependent Stress 
Relaxation; Internal Friction, Plastic 
Strain, and Fatigue in Metals and 
Semiconductors; Observations Re- 
lating to a Proposed Mechanism of 
Fracture by Fatigue; A Study of 
Fatigue Crack Formation in Silver 
Chloride; and Slipband Formation 
and Fatigue Cracks of Different Ma- 
terials Under Alternating Stress- 
ing. e@ 


metals. 


recreational facilities. 


Senior metallurgist in the field of research in physical metallurgy 
dealing with studies of transient loads having high magnitude and 
short duration. A better understanding is being sought of shock 
wave transfer and fracture mechanics, particularly in the light 


Permanently established research program. Located in town of 
6000 pop. Excellent year-round climate with exceptional outdoor 


Write: Personnel Manager, New Mexico Institute of Mining and 
Technology, Campus Station, Socorro, New Mexico 
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John C. Redmond took the post of 
Director of Research at Firth-Ster- 
ling, Inc., June Ist. Before coming to 
Firth-Sterling, Mr. Redmond spent 
15 yrs in research at Kennametal, 
Inc., where he became Vice Presi- 
dent in charge of Metallurgical Re- 
search and Development in 1951. 
He has also been a member of US 
Government committees on high- 
temperature materials and related 
fields. 


John D. Saussaman has been named 
asst. general supt. of the Iron and 
Steel div. at Kaiser Steel Corp’s 
Fontana, Calif., plant. 

In 1948, Mr. Saussaman received 
the AIME’s J. E. Johnson, Jr. Award, 
sponsored by the Iron and Steel 
Division. He was honored “for a 
valuable contribution to the iron 
and steel industry on the prepara- 
tion and use of sintered ore,” as re- 
ported in his paper on sinter prac- 
tice at Kaiser Steel. 

He came to Kaiser Steel in 1946 
as asst. supt. of the Blast Furnace 
dept. He was named supt. two years 
later, and in 1957 was appointed div. 
supt. 


M. J. Smith, another AIME mem- 
ber, has been appointed to take over 
Mr. Saussaman’s former post as 
div. supt. of Kaiser Steel’s Iron and 
Steel div. Mr. Smith comes to Kaiser 
Steel Corp. from the Steel div of the 
Ford Motor Co., where he was Mgr. 
of the Open Hearth and Electric 
Furnace div. 


Verne Pulsifer is now technical ad- 
ministrator with Fansteel Metallur- 
gical Corp., Chicago. He was for- 
merly a research metallurgist at the 
Armour Research Foundation. 


Mitchell A. Thompson has been ap- 
pointed supt. of the Open Hearth 
dept. at Kaiser Steel Corp.’s Fon- 
tana, Calif. plant. Mr. Thompson 
has been with Kaiser Steel since 
1947, and before that was with Beth- 
lehem Steel Corp. 


C. Philip Johnson was recently 
named asst. general works mgr. of 
the Cleveland plant of Interlake Iron 
Corp. He was previously general 
supt. of the Company’s Chicago 
plant. 


John G. Ziemann is now asst. chief 
metallurgist of the Metals div., 
Kelsey-Hayes Co. In his new posi- 
tion, Mr. Ziemann will be in charge 
of special projects of alloy produc- 
tion. He had been a research metal- 
lurgist with Kelsey-Hayes since 1957. 


F. C Langenberg has been appointed 
manager of Process Research at the 
Crucible Steel Co. of America. In 
this position Dr. Langenberg will be 


responsible for developing technical 
specifications for all process research 
facilities at the Crucible Technology 
Center. He was formerly chief de- 
velopment metallurgist at the Com- 
pany’s Midland, Pa., works. 


Paul M. Unterweiser was recently 
named an associate editor of Metals 
Handbook. Mr. Unterweiser is a 
member of the AIME’s Surface 
Treatment Committee. His editorial 
responsibilities also include metal- 
lurgical editor of The Iron Age. 


George L. Spencer, Jr., was recently 
named a vice president of the Ame- 
rican Zinc, Lead & Smelting Co. Mr. 


Spencer, who has been with Ameri- 
can Zinc since 1927, was previously 
vice president of the Company’s sub- 
sidiary, American Zinc Co. of Illi- 
nois. 


Julian Glasser and William E. Few 
have teamed as consultants in metal- 
lurgical and chemical problems. The 
association, called Chemical & Met- 
allurgical Research, is located in 
Chattanooga, Tenn. Mr. Glasser was 
formerly technical director at Cra- 
met Inc., while Mr. Few was techni- 
cal asst. in the Alloy and Metal div. 
of Tennessee Products & Chemical 
Corp. 
(Continued on page 559) 


The new RSCo Model 2470 


ZONE MELTING 
APPARATUS 


Completely aut 


FOR FURTHER INFORMATION 
SEND FOR BULLETIN 2470-m 


tic equipment 


for purification of solid materials by the 


zone melting technique - 


The Model 2470 apparatus holds a glass or quartz tube 
inside of which is placed the charge of material to be 


purified. 


A moving table holds either induction heating 


coils or electric resistance heating rings which surround 
the tube. A synchronous motor and variable speed reducer 
drive the table at a constant rate variable from 0.36 to 9 


inches per hour. 


Adjustable stops limit the table travel 


and actuate a rapid return mechanism. Multiple-pass zone 
melting is thus completely automatic. 


TELETYPE TWX: RICH CAL 1433 


RSCo 


RESEARCH SPECIALTIES CO. 


200 SOUTH GARRARD BLVD. 


RICHMOND, CALIFORNIA 
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Rolling mill pinions of Type 4620 nickel-molybdenum toughness, stand up to severe overloads. Made by 
steel have a good hard case (500/550 Brinell) plus Morgan Construction Company, Worcester, Mass. 


4620 Nickel alloy steel gives them 
4 times longer service 


Hardened rolling mill pinions in an 
Eastern steel plant were not giving 
satisfactory service, due to continu- 
ous overloading. They just weren’t 
tough enough to take the beating of 
heavy rolling. 

Designers solved the problem — 
called for pinions of 4620 nickel-moly 
carburized steel ground after hard- 
ening. Now they’ve got a good case 
— pinions don’t crack . . . tough cores 
support them. 


This case stood up — the 4620 nickel 
alloy steel pinions have served over 
4 times longer than the old through- 
hardened pinions...and are still 
going strong. 

This high-performance pinion was 
not difficult to make. It was rough- 
machined at a hardness of 187/220 
Brinell; showed little distortion 
through carburizing and hardening. 
Only 0.005” was needed for finish 
grinding, after hardening to 500/550 
Brinell. 


Parts that take a beating in heavy 
equipment must also have practical 
service life — you get both in nickel 
alloy materials. 

For practical information on 4620 
nickel alloy steel and its application 
to your specific metal problems, write 
Inco’s Development and Research 
Division. 

THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street Ameo, New York 5, N. Y. 


INCO NICKEL 


NICKEL ALLOYS PERFORM BETTER LONGER 
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Form UK beryllium maker 


Consolidated Beryllium, Ltd., is the re- 
sult of a merger between The Beryllium 
Corp. of the US and Imperial Smelting 
Corp. Ltd., London, subsidiary of Consoli- 
dated Zinc Corporation Ltd. The firm, to 
be managed by Imperial Smelting, will 
produce nuclear-grade beryllium and 
beryllium-copper master alloy as raw 
materials for sale in England and Europe. 
The first production facility will be com- 
pleted at Avonmouth, England, later this 
year. 

Estimating Great Britain’s future be- 
ryllium needs at 200,000 lb annually, 
plans ultimately call for the largest be- 
ryllium metal plant in the world. Until 
that time, the Reading, Pa., partner in the 
merger will supply any metal in excess of 
Consolidated Beryllium’s capacity. 


Start Mt. Isa refinery 


An initial capacity of 30,000 tons of cop- 
per a year is planned for Mount Isa Mine’s 
new copper refinery, opened recently with 
the starting of its first furnace. The re- 
finery, near Townsville, Australia, will 
operate with the Company’s own blister. 
When the rail line to Mount Isa is rebuilt, 
the refinery’s capacity will eventually be 
raised to 60,000 tons a year, it is thought. 
In the near future, meanwhile, is the be- 
ginning of operations at the Mine’s rod 
mill and wire drawing plant. 


Thorium produced in Canada 


A thorium plant with a production ca- 
pacity of approximately 150 tons of tho- 
rium salts a year has become Canada’s 
first in that field. Located at Elliott Lake, 
Ontario, Metal Bulletin reports it to be 
“the first installation in the world to re- 
cover thorium from the waste liquors 
produced in uranium milling; and the cost 
of recovery will be low.” 

Nearly half a pound of thorium can be 
recovered for every pound of uranium 
produced, it is said. Crude thorium con- 
centrates, refined metallurgical grade 
thorium sulphate, and thorium oxide 
make up the output from the plant. 


Beryllium shield forged 


A dish-shaped beryllium shield 80 in. in 
diam and 3 in. thick is hoped to be the 
answer to America’s re-entry problem in 
the manned-rocket age. On initial launch- 
ing, the beryllium covering will form the 
outside of the space capsule’s floor. But 
when returning to earth, the heat-resistant 
metal will bear the brunt of the 18,000-mi 
per hr flight. 

The space shield is the product of a 
Brush Beryllium Co. billet forged by the 
Aluminum Company of America. The bil- 
let, one of the largest ever made by pow- 
der metallurgy techniques, was formed 


by simultaneous application of vacuum, 
heat, and pressure to beryllium powder. 

At Alcoa’s Cleveland works the billet 
was heated to approx 2000°F and placed 
on a pre-heated die. A 50,000-ton press 
then squeezed the 62 in. x 5 in. billet into 
a 80 in. x 3 in. saucer disc. Ultimately, the 
disc will be 72 in. in diam when fitted to 
the space capsule of the National Aero- 
nautics and Space Administration’s Pro- 
ject Mercury. 


Canadian project underway 


Plans for the Consolidated Mining and 
Smelting Company of Canada’s iron and 
steel project at Kimberley, B. C., are 
underway with the letting of contracts. 
Lurgi of Frankfurt, Germany, will supply 
its sintering equipment, while the plant’s 
first electric pig-iron furnace will come 
from Elektrokemisk of Oslo, Norway. 
The Company’s own engineering division 
will design the iron and steel smelter. 
March 1960 is the anticipated starting 
date for the project’s major installations. 


LD increases scrap 


A method allowing the amount of scrap 
used in the LD process to be increased to 
at least 50 pct of the charge has been 
found by Kaiser Engineers, div. of Henry 
J. Kaiser Co. Patents are being secured 
on the innovation, which is expected to be 
of major interest to existing and future 
users of LD “who are short of hot metal 
and wish to use more scrap in their charge, 
and thus produce additional ingot tons 
from a given amount of hot metal.” (See 
JOURNAL OF METALS, July 1958, p. 477. 


Kaldo uses 40 pct 


T. Olof Dormsjo, mgr of the Steel div., 
Stora Kopparberg Corp., reports that a 
scrap charge “slightly over 40 pct” has 
been achieved in tests with the 30-ton 
Stora-Kaldo furnace at Domnarvet, Swe- 
den. 

“A total of 80 heats were run with low- 
phosphorus hot metal, containing 4.3 to 
4.4 pct C, 0.75 to 1.5 pet Si, 1.5 to 1.59 pct 
Mn, 0.11 pct P, and 0.05 S. The average 
hot metal temperature was 2315°F. The 
amount of scrap averaged slightly over 
40 pct of the total metallic charge. With a 
more normal hot metal temperature of 
2500 to 2600°F, the scrap melting can be 
increased to 23 pct. 

“These results indicate that in larger 
furnaces with more complete combustion 
of the carbon monoxide inside the furnace, 
the amount of scrap that can be melted 
will approach 50 pct. 

“The ingot yield calculated on the total 
metallic charge was over 90 pct. In a 
larger furnace, the pit losses (ingot butts, 
etc.) would be smaller, and the ingot yield 
most likely would be increased by at least 
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Basic refractories in upturn 

Ever-widening demands for basic re- 
fractories in steelmaking—as outlined in 
an article on basic construction in the 
open hearth on p. 623—have caused two 
major producers to announce expansion 
plans. 

E. J. Lavino & Co. is already clearing a 
32-acre site at Gary, Ind., for a multi- 
million dollar basic refractories plant. 
Lavino’s plant will mark its third basic 
refractories plant; others are at Plymouth 
Meeting, Pa., and Newark, Calif. 

Kaiser Aluminum & Chemical Corp., 
meanwhile will build a $3 million peri- 
clase-producing plant at Midland, Mich., 
to supply high-purity crystalline magnesia 
to its Columbiana, Ohio, basic refractories 
plant which is being expanded for the 
second time. Designed to have an initial 
capacity of 45,000 tons of periclase per 
year, the new plant, when put in opera- 
tion early in 1960, will increase Kaiser’s 
capacity to produce magnesia grains to 
165,000 tons. The new plant will use mag- 
nesium hydroxide supplied by Dow Chem- 
ical Co. from deep-well brine. 


Tap Reynolds potline 

Tapping of the first of three new 33,000- 
ton potlines at Reynolds Metals Co.’s Mas- 
sena, N. Y., plant means that St. Lawrence 
power is increasing the capacity of the 
Nation’s second largest primary alum- 
inum producer to 634,000 tons annually. 
An added 67,000 tons will be available at 
Massena by the year’s end from the re- 
maining two potlines. 

Indications are that about one-third of 
the plant’s annual production will be de- 
livered to a Chevrolet foundry nearby. It 
is speculated that considerable quantities 
will go into production of aluminum en- 
gines to be used in Chevrolet’s bid for the 
small car market, the Corvair. 

Transportation of the molten metal is 
to be effected by truck-mounted crucibles, 
into which metal will be poured at 1780°F. 
It can be retained in molten form for sev- 
eral hours, if required. 


Plan 500-tpd oxygen unit 

A 500-tpd oxygen plant will be built by 
the Linde Co., div. of Union Carbide, at 
the Ecorse, Mich., plant of Great Lakes 
Steel Corp., a div. of National Steel Corp. 

The move became necessary with Great 
Lake’s intention to add oxygen to the 
open-hearth furnaces by roof lances. Ap- 
prox 80 pct of the oxygen produced will 
be used in the open-hearth to improve and 
speed the steel melting process, while 
another 10 pct will go toward mechanized 
scarfing. The remainder will supply other 
finishing processes and general mainte- 
nance requirements. It is estimated that 
the plant will be capable of producing 
365 million cu ft of high-purity oxygen a 


month. 


Develop continuous coking 


Tass reports a Russian first with the in- 
vention of a continuous coking process 
that produces coke at a much faster rate 
than in conventional ovens. The experi- 
mental oven is located at Kharkov, in the 
Ukraine. The new unit is said to be par- 
ticularly suited to obtaining coke from 
low-grade coals. 


Carbide pushes projects 


Construction of a basic research lab- 
oratory at Union Carbide Corp.’s Sterling 
Forest research center is scheduled to be- 
gin soon. Located near Tuxedo, N. Y., 
Sterling Forest is steeped in the history of 
steelmaking. For an analysis of its past 
and future role in the metallurgical world, 
see p. 603 of this issue of JOURNAL OF 
METALS. 

As part of the same research project, 
Union Carbide also announces plans for 
the expansion of a tungsten refining plant 
in Bishop, Calif. Owned by Union Carbide 
Nuclear Co., div. of Union Carbide Corp., 
the unit will produce ammonium para- 
tungstate, a high-purity tungsten raw ma- 
terial. Pilot studies for the process were 
performed at Nuclear Co.’s research plant 
in Sterling Forest. 


UK adopts LD converters 


Announcing its intention to use LD con- 
verters in steelmaking, Colvilles Ltd., has 
set off a chain reaction in the UK. Plans 
to install the converters at the Company’s 
Ravenscraig works in Scotland brought 
forth word by Richard Thomas & Baldwin 
that it too will incorporate the LD process. 

Coverters at the Ravenscraig works of 
Colvilles Ltd., will operate with a lime 
injection system in providing the raw 
steel to feed the Company’s new semi- 
continuous strip mill to be built there. 

Richard Thomas & Baldwin, mean- 
while, will use LD in two installations. 
The British publication, Metal Bulletin, 
notes that the Company has LD conver- 
ters destined for its works at Newport and 
Ebbw Vale in South Wales. The former 
is the site of a new semi-continuous wide 
strip mill, while the later LD installation 
will supply steel for the existing fully 
continuous wide strip mill. 

“The LD steel plants so far announced 
for this country will probably have a total 
annual capacity of something over 1.5 
million tons, but it is understood that 
three other UK companies are planning 
to install the process, adding a total of 
around 1.35 million tons. Should all the 
plans go through, the UK, having made a 
slow start in the oxygen-steel field, may 
well move into third place after Japan 
and the US, although Western Germany 
will probably have a similar capacity by 
the early ’60s.” 
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RARE EARTH 


AND 


YTTRIUM 
METALS: 


In your unceasing search for prom- 
ising new materials for metallur- 
gical applications, you are sure to 
find it interesting and provocative 
... and quite likely rewarding ... 
to investigate the rare earths. 

Rare earth and yttrium metals 
are readily available from our in- 
ventory in a wide range of purities 
in experimental quantities. Primary 
forms are ingots, lumps and turn- 
ings. Costs are reasonable and ad- 
vantageous for your research or 
product development operations. 

Lindsay rare earths cover the 
whole gamut of rare earth tech- 
nology, from crudes to highly re- 
fined materials. For instance: 
LANTHANUM has one of the largest 
liquidity ranges of the metals (MP 
920 °C, BP 4200 °C). 
GADOLINIUM is ferromagnetic up 
to about room temperature (Curie 
temperature 289 °K). 
DYSPROSIUM and HOLMIUM ore fer- 
romagnetic below 85 and 20 °K 
respectively. 

YTTRIUM is available in grades 
ranging from high purity to crude 
alloys with magnesium. 

Lindsay is the world’s largest 
producer of rare earth, yttrium, 
and thorium materials. We can 
furnish you with a considerable 
amount of interesting and reveal- 
ing technical data on rare earth 
and yttrium metals, including a 
detailed tabulation of properties, 
purities, and costs. 

Please ask for our bulletin “Rare 
Earth and Yttrium Metals.” It will 
be sent to you promptly. 


Lnpsay [tviston 


American Potash & 


Chemical Corporation 


99 Park Avenue, New York 16, N.Y. 


3000 West Sixth St., Los Angeles 54, Calif. 


PERSONALS 


(Continued from page 555) 


Cyril S. Smith, prof. at the Institute 
for the Study of Metals, the Univer- 
sity of Chicago, is a member of the 
President’s Science Advisory Com- 
mittee that recently issued its recom- 
mendations on science education in 


the US. 


Joseph A. Martino, president of the 
National Lead Co., is a member of 
the newly-created Board of Lay 
Trustees at Fordham University. 
Among other positions, Mr. Martino 
is a director of Allegheny Ludlum 
Steel Corp. 


Edgar I. Gotthold is now foundry 
supt. in the electronics div. of Gor- 
ham Manufacturing Co., Providence, 
R. I. There Mr. Gotthold will super- 
vise casting and foundry operations. 
Prior to joining Gorham, Mr. Gott- 
hold was in charge of the microwave 
and electronic component foundry of 
Budd-Stanley Co., Long Island, N.Y. 


George P. Hansen is acting manager 
of the Ohio Valley Board of Trade. 
He will serve until the Board is re- 
organized and new staff members 
selected. Mr. Hansen retired as asst. 
vice president of the Operations div. 
of Wheeling Steel Corp. in 1957. 


Joseph S. Mohr, Jr. has been ap- 
pointed asst. supt. of coke production 
at the Indiana Harbor works of In- 
land Steel Corp. in East Chicago, Ind. 
Mr. Mohr was previously foreman of 
the coke plant. 


Arthur G. Metcalfe has been named 
assistant director of research at 
Solar Aircraft Co., San Diego, Calif. 
In this new post Dr. Metcalfe will be 
responsible for advanced research 
projects in both metal physics and 
physical chemistry. Prior to joining 
Solar, he was supervisor of physical 
metallurgy at the Armour Research 
Foundation in Chicago. 


James H. Moore is a newly-appointed 
member of the board of directors at 
National Research Corp., Cambridge, 
Mass. He first joined National Re- 
search in 1946 as a research metal- 
lurgist, and in 1948 became director 
of the metals dept. In 1953 he was 
named general manager of Vacuum 
Metals Corp., a subsidiary of Na- 
tional Research. His knowledge in 
vacuum metallurgy brought him to 
a Russian conference on the subject 
last year as one of four US experts 
in the field. 


John Alico has been appointed di- 
rector of engineering at the Greens- 
burg works of the Wolworth Co. He 


was formerly manager of manufac- 


turing in the company. 


Neil J. Culp is now asst manager of 


research in charge of metallurgy at 


The Carpenter Steel Co. Previously, 
he was supervisor of the firm’s alloy 
development group. 


Graduate metallurgical 
engineers with a mini- 
mum of seven years ex- 
perience in the field of 
physical metallurgy of 
high temperature materi- 
als. Conduct research and 
evaluation programs on 
metals, and provide con- 
sultation service to engi- 
neering groups on ma- 
terials problems and 


applications. 


Experience in aircraft is 
not necessary. Adminis- 
trative and/or supervis- 


ory experience is desir- 


able. 


Write or send resume to: 


C. J. Cunningham, Mgr. 
Employment Services 
12214 Lakewood Blvd. 
Downey, California 


MISSILE 
DIVISION 


North American Aviation, Inc. 
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plus automatic in-process control 


To either meet rigid specifications imposed by quality con- Steel is but one of many industries which makes excellent 
scious industrial and governmental needs . . . or to conjunc- uses of the Norelco Autrometer, Uses which effect huge 
tively eliminate costly rejects of finished parts due to economies, eliminate bottlenecks, speed spot-checks and 
improper alloying, investigate the Norelco Autrometer. analyses, improve products and increase profits. 


The Autrometer is a multi-indexing automatic spectro- 
graph which utilizes the X-ray spectrum for comparative 


analysis of any number of repetitive samples (for as many as —T = 
24 different elements without resetting) against a standard. 
Critical quantities of elements essential for correct alloy 


characteristics can now be determined with incredible speed 
in any stage of production. Incoming raw materials may be 
quickly analyzed, Heats may be economically held—because 
the Autrometer permits accurate on-the-spot analysis in a 
fraction of the time you would expect. Uncannily, the per- 
centage of accuracy can be preset—for each element and no 
special operator skills are required for operation. 


/ 


PHILIPS 
and Industry Instruments Division 750 SOUTH FULTON AVENUE, MOUNT VERNON, WN. Y. 

im Canada: Research & Control Instruments + Philips Electronics Industries Ltd. + 116 Vanderhoof Ave. + Leaside, Toronto 17, Ont. 
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There’s a RAMTITE product for 
practically every refractory need. 
A sales engineer will study your 
problems and make recommenda- 
tions or suggestions to your En- 
gineering, Mason and Ceramic 
Departments. 


Please contact your local or near- 
by RAMTITE representative or 
write us via letter or the handy 
coupon below. 


News Item 


This news item which 
appeared in the PITTS- 
BURGH PRESS con- 
cerned the twelve soak- 
ing pits recently built in 
the plant of Lukens Steel 
Company at Coatesville, 
Pa. It gave RAMTITE 
an unintended pat on the 
back! 


How RAMTITE” 
ae Into This Picture— 


You can’t see RAMTITE, but it’s there — in all the twelve 
covers of these new soaking pits. These pits are now reheating 
ingots weighing up to 75 tons each, such as that shown at white 
heat in the photograph. Temperatures are being kept as high 
as 2350° F. 


RAMTITE was selected for these soaking pit covers because 
of previous performance in the Lukens plant. (“The best sign of 
satisfaction is a repeat order.”’) Back of these plastic and castable 
refractories are 40 years of experience in research and manufac- 
ture — in design, construction and installation of the products. 


DIV. OF THE S. OBERMAYER CO. Address 
1811 South Rockwell St., Chicago 8, Ill. 


THE RAMTITE CO., Div. of The S. Obermayer Co. 
1811 S. Rockwell St., Chicago 8, Ill. 


(10 Weare interested in Ramtite. Please furnish information. 
©) Send folder about your new Ramtite — “90-RAM” 


Company Name 


Attn. Mr Title 


City Zone State__ 
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to the editor 


New Hayden Smelter 


I would like to express my sincere 
thanks for the complimentary copies 
of The New Hayden Smelter article 
just received, and also to congratu- 
late you on a job well done. 


The article went together very 
nicely and, with the photographs, 
made an excellent presentation. 


It has been a pleasure to work 
with you in the preparation of the 
article and trust we might have the 
opportunity to do so again in the 
future. 

Ralph K. Johnson 
WKE Co. 


“Unnecessary” Publication 


I was very much interested in the 
editorial by Mr. Burke in the July 
issue of JOURNAL or MeETALs. His 
comments regarding the amount of 
unnecessary publication are cer- 
tainly very much to the point. How- 
ever, they obviously touch on only 
one source of the difficulty, namely, 
the urge on the part of the author 
to publish for the enhancement of 
his professional standing. 


Turning to the next page (437), 
my eye was caught by the heading 
“Seek Corrosion Papers for 1960 
Conference.” Here I believe is an 
example of a major, if not the major 
source of useless publication. Cer- 
tainly there are occasions when the 
potential author of a valuable con- 
tribution to the technical literature 
must be urged to take the time to 
write a paper, but for every such 
paper that is solicited to fill up the 
program of a society meeting or a 
symposium, there is at least one 
other paper solicited which falls in 
the category of useless publication. 


The Metallurgical Society of 
AIME 

29 West 39th Street 

New York 18, New York 


Gentlemen: 


| am interested in joining the 
Society. Please send further in- 
formation and an application 
for membership. 


Name 
Address 
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The chairman of the program com- 
mittee feels that he should have a 
certain number of papers to make an 
impressive program, and so he so- 
licits papers which too often prove 
to be a mere rehash of earlier publi- 
cations. 

Since it should be easier to re- 
strain this type of stimulus to use- 
less writing than to discourage the 
type with which Mr. Burke’s edi- 
torial deals, perhaps some editorial 
comment on this phase of the subject 
would be in order. 


W. M. Peirce 
The New Jersey Zinc Co. 


Presentation at a conference has no connec- 
tion with publication in any Society journal. 
Where “Proceedings” are published sepa- 
rately, the problem is a real one and falls to 
the conference program chairman to avoid.— 
Ed. 


“Process” Metallurgy 


One of you is responsible for an 
editorial in JOURNAL oF METALS for 
June 1959, p. 363, “Support for Pro- 
cess Metallurgy.” The noun “process” 
used as an adjective, is not self 
definitive, was foisted onto the ex- 
tractive metallurgists by the physi- 
cal metallurgists and blessed by a 
midwestern professor who wrote a 
book on extractive metallurgy and 
named it Process Metallurgy. When 
a professor or an editor accept a 
word the general public feels that 
Jove has spoken and follows. 

The Extractive Metallurgy Divi- 
sion of AIME was named after a 
previous discussion of this subject. 
To be true, the heavy emphasis in 
extractive metallurgy is on extrac- 
tive processes-—incidentally usually 
chemical processes. The physical 
metallurgists dealing with fabrica- 
tion and alloying of metals are pri- 
marily interested in the physical 
properties of the end product, ob- 
tained by just as high a proportion 
of physical processes of heat treat- 
ment, mechanical working, etc. The 
word “processes” is flattering to 
neither the physical metallurgists 
nor extractive metallurgists. The 
word defines nothing, but to each 
group it is good enough for “the 
other fellow—not me.” 

The great pity is that too many 
technically trained men of the pre- 
sent day are poorly fitted to express 
themselves in correct Queens Eng- 
lish. One British magazine dealing 
with metallurgical abstracts has a 
section called “Extraction Metal- 
lurgy.” The only sin in this case is 
that “extraction” is a noun used as 
an adjective and “extractive” should 
please the Queen more. 

Incidentally, extractive metal- 
lurgy covers both ferrous and non- 
ferrous metals and so also does 
physical metallurgy. To both groups 
processes are of importance and are 
not singular. Please lead our Society 
in precise and clear expression. 


Oliver C. Ralston 
Consulting Metallurgist 
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OPPORTUNITIES IN 
RESEARCH METALLURGY 


E. |. DU PONT DE NEMOURS & COMPANY 


New opportunities in the 
growing and important field of 
refractory metals are now 
available with du Pont at the 
Experimental Station in Wil- 
mington, Delaware. A major 
expansion in alloy development, 
metal manufacture and mill 
product processing techniques 
is being conducted. Trained 
Ph.D. research personnel in 
physical and mechanical metal- 
lurgy, or those with equivalent 
research experience, are 
needed to support this pro- 
gram. These positions offer an 
opportunity for direct contribu- 
tion to the development of 
niobium base alloys and tita- 
nium base alloys as well as 
additional refractory base sys- 
tems. Please forward resumé 
including details of education, 
experience and salary expected 
to Mr. Harry Joslyn, Employee 
Relations Department, E. |. du 
Pont de Nemours & Company, 
Wilmington, Delaware. Replies 
held confidential. 


Engineering 
Societies 
Personnel 
Service Inc. 


(Agency) 

Under the auspices of the Four Founder 
Engineering Societies and affiliated with 
other renowned Engineering Societies, ESPS 
offers many years of placement experience 
in addition to world-wide contacts. 

New York Chicago 

8 W. 40th St. 29 E. Madison St. 


San Francisco 
57 Post St. 
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EDITORIAL 


Augustus B. Kinzel Past-President 
Joseph L. Gillson President-Elect 
C. R. Dodson Treasurer 
Ernest Kirkendall Secretary 


VICE-PRESIDENTS 


E. C. Babson 


Elmer A. Jones 


Thomas C. Frick John C. Kinnear, Jr. 
Walter R. Hibbard, Jr. Roger V. Pierce e 
Something New 
DIRECTORS 


John S. Bell Cc. C. Long 

L. C. Campbell S. D. Michaelson 

John Chipman F. W. Strandberg For some time the JOURNAL OF METALS has been striving to 

ayne E. Glenn J. S. Vanic j i j i 

ony pk, produce a more interesting magazine designed to keep mem ers 

Basil P. Kantzer J. W. Woomer of the metallurgical profession up-to-date on developments in 


their field of interest. 


Many magazines have an annual review in which they re- 
count, in one issue, developments of the past 12 months in their 


golhy, various areas of coverage. Such an issue is unavoidably big and 
bulky; its preparation completely throws off printing and edi- 

* |ALJAME) - torial office schedules; furthermore, it poses a formidable task 
> for a reader interested in more than one specific area of cover- 

Ty a age. We do, however, feel that a 12-month account of develop- 


ments in each area of metallurgy is a step forward in our quest 
for better service to our readers. 


Thus, we hit upon the idea of producing such reports in small 


THE METALLURGICAL SOCIETY OF AIME doses, in fact some in each issue. We believe that such 12-month 
P analyses would be most authoritative if written by metallur- 
by Jr. ee gists particularly well-informed in a particular area of speciali- 
T. D. Jones Treasurer zation. We asked the help of the chairmen of the technical com- 
R. W. Shearman Secretary 
mittees to supply us with names, and over the past few months 
BOARD OF DIRECTORS, THE we have been lining up authors for the new column. 
METALLURGICAL SOCIETY 
J. B. Austin O. T. Marzke The column is to be called Phases and Processes. It starts in 
R W. — R & aaleousaen this issue with a report on p. 634. It is scheduled for each issue of 
ti. Hi. JOURNAL OF METALS and will be expanded to two or perhaps 
ne > three reports each month. We hope that Phases and Processes 
will prove to be the informative column that it is designed to 


be. 


Another “first” in this issue of JOURNAL OF METALS is to be 
found on p. 564, where titles and authors of papers that have 
been accepted for publication in the TRANSACTIONS OF THE 


SOCIETY PUBLICATIONS COMMITTEE 
R. Maddin, Chairman 


Denis Carney C. C. Long 

J. C. Fulton W. O. Philbrook METALLURGICAL Society oF AIME are listed. Thus, it will now 

J. H. Hollomon J. D. Sullivan 2 

T. B. King David Swan be possible for researchers in a particular field to be aware of 
F. L. Vogel other work in their field from two to four months before the 


article is actually published. It is felt that this might, on oc- 
casion, prevent a needless duplication of effort, and will allow 


Advisory Subcommittee 


J. H. Jackson, Chairman 


D. Carney E. Morgan other readers of the TRANSACTIONS to be cognizant of articles 
J. F. Elliott T. O. Paine 
B. W. Gonser A. Shaler of interest to appear in subsequent issues. This new feature will 
appear every other month—the same page on alternate months 
. E. Lee, Jr. . Horw P 
T. Read H. H. Kellogg, Jr. being devoted to the complete contents of the current issue of 
4. R. Freeman, Je. the TRANSACTIONS. 


FWS 
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Papers Accepted for the TRANSACTIONS 


As a service to readers of the TRANSACTIONS OF 
THE METALLURGICAL Society oF AIME, titles and 
authors of accepted papers which will appear in 
forthcoming issues are printed below. It is felt that 
this will enable researchers to keep in closer touch 
with work that is being done in their field. 


Alloying Behavior of Ni,Al () Phase), by R. W. 
Guard and J. H. Westbrook (IMD) 

A Study of the Recrystallization Kinetics and Ten- 
sile Properties of an Internally Oxidized Solid 
Solution Aluminum-Silver Alloy, by Arno Gatti 
and R. L. Fullman (IMD) 

Studies on the Metallurgy of Silicon Iron IV, Ki- 
netics of Selective Oxidation, by A. U. Seybolt 
(IMD) 

The Effect of Sulfur on the Notch Toughness of 
Heat-Treated Steels, by J. M. Hodge, R. H. Fra- 
zier, and F. W. Boulger (IMD) 

The Effect of Plastic Deformation on the Resistivity 
of Copper-Palladium Alloys, by Erik Klokholm 
and Barry Hyatt (IMD) 

Oxidation of Sphalerite by Sulfur Trioxide, by 
A. W. Sommer and H. H. Kellogg (EMD) 

The Reduction of Nickel Oxide, by R. E. Cech (IMD) 

Effect of Neutron Irradiation on the Martensite 
Transformation in Iron-Nickel Alloys, by L. F. 
Porter and G. J. Dienes (IMD) 

Microstructural Study of the Response of a Complex 
Superalloy to Heat Treatment, by J. R. Mihalisin 
and J. S. Iwanski (IMD) 

Preferred Orientation in Extruded Aluminum Rod, 
by C. J. McHargue, L. K. Jetter, and J. C. Ogle 
(IMD) 

The Measurements of Grain Contiguity in Opaque 
Samples, by John W. Cahn and John E. Hilliard 
(IMD) 

Relation Between Beta Grain Size and Ductility of 
High-Strength Alpha-Beta Titanium Alloys, by 
A. J. Griest, A. P. Young, and P. D. Frost (IMD) 

Creep of a Dispersion Hardened Aluminum Alloy, 
by G. S. Ansell and J. Weertman (IMD) 

The Cyclic Straining and Fatigue of Metals, by L. F. 
Coffin, Jr. and J. F. Tavernelli (IMD) 

Yield Phenomena in Magnesium Single Crystals 
Containing Nitrogen, by Doyle Geiselman and 
A. G. Guy (IMD) 

Stabilization Phenomena in Beta Phase Au-Cd Al- 
loys, by H. K. Birnbaum (IMD) 

Temperature Dependence of Grain Boundary Migra- 
tion in High-Purity Lead Containing Small Addi- 
tions of Tin, by K. T. Aust and J. W. Rutter (IMD) 

High-Temperature Thermodynamics of the Silicon, 
Nitrogen, Silicon-Nitride System, by R. D. Pehlke 
and J. F. Elliott (IMD) 

Stabilization of the Martensitic Transformation in 
Iron-Nickel Alloys, by John Woodilla, P. G. Win- 
chell, and Morris Cohen (IMD) 

Evaporation of Silver Crystals, by J. P. Hirth and 
G. M. Pound (IMD) 

Close-Packed Ordered Structures in Binary AB, Al- 
loys of Transition Elements, by A. E. Dwight and 
P. A. Beck (IMD) 

Iron-Alumina Materials, by Arno Gatti (IMD) 

Preferred Orientation in Warm-Worked; and Heat- 
Treated 4340 Steel, by E. B. Kula and S. L. Lopata 
(IMD) 

Separation of Yttrium and Rare-Earth Nitrates with 
the Solvent Extraction System—Tri-N-Butyl- 
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amine—3 Methyl-2-Butanone, by W. G. Gruzen- 
sky and G. T. Engel (EMD) 

Magnetic Susceptibilities of Titanium-Rich Tita- 
nium-Oxygen Alloys, by Y. L. Yao (IMD) 

Some Effects of Alloying on the Strength Properties 
of Columbium at Elevated Temperatures, by G. D. 
Gemmell (IMD) 

Kinetic Factors in the Reduction of Silica From Blast 
Furnace Type Slags, by J. C. Fulton and John 
Chipman (ISD) 

The Effects of Variations in Nitrogen and Manganese 
Content on the Structure and High-Temperature 
Properties of Cast X-40 Alloy, by E. E. Fletcher 
and A. R. Elsea (IMD) 

Hot Indentation Testing of Magnesium and Other 
Selected Materials, by J. W. Goffard and R. G. 
Wheeler (IMD) 

Zinc-Zirconium System, by P. Chiotti and G. R. 
Kilp (IMD) 

Alloys of Copper, Nickel and Tantalum, by Cyril 
Stanley Smith (IMD) 

Phase Relations and Precipitation in Cobalt-Tita- 
nium Alloys, by R. W. Fountain and W. D. For- 
geng (IMD) 

The Crystal Structure of MoNi,, by Shozo Saito and 
P. A. Beck (IMD) 

Activity of Silica in CaO-ALO,-SiO, Slags at 1600 
and 1700°C, by F. C. Langenberg and John Chip- 
man (ISD) 

Internal Oxidation of Copper-Aluminum Alloys, by 
D. L. Wood (IMD) 

The Effect of Vibrations on Ordering in CuAu, by 
H. C. Burghard, Jr. and Franz R. Brotzen (IMD) 

High-Temperature Aging Structures in y’-Hardened 
Austenitic Alloys, by W. C. Hagel and H. J. 
Beattie, Jr. (IMD) 

Variation in Orientation Texture of Ultra-Thin Mo- 
lybdenum Permalloy Tape, by P. K. Koh, H. A. 
Lewis, and H. F. Graff (IMD) 

The Solubility of Cementite in Austenite, by R. P. 
Smith (IMD) 

Precipitation Phenomena in Cobalt-Tantalum Al- 
loys, by M. Korchynsky and R. W. Fountain 
(IMD) 

The Fatigue-Hardening of Copper, by Alfred Siede 
and A. G. Metcalfe (IMD) 

Boundary Migration of High-Purity Lead during 
Creep and Grain Growth, by R. C. Gifkins (IMD) 

The Effect of Chromium on the Stability of Cemen- 
tite, by George Sandoz (IMD) 

Electrical Conductivity of Molten FeS, by D. Ar- 
gyriades, G. Derge, and G. M. Pound (EMD) 

Influence of Tin and Aluminum on the Transition 
Behavior of Oxygenated Titanium, by E. H. Renn- 
hack and J. F. Libsch (IMD) 

On the Origin of Tertiary Creep in an Aluminum 
Alloy, by A. S. Nemy and F. N. Rhines (IMD) 
Sintering Investigations with Pre-Agglomerated 
Burdens, by F. W. Kinsey and C. A. O'Malley 

(ISD) 

Short-Time Creep-Rupture Behavior of Tungsten at 
2250 to 2800°C, by W. V. Green (IMD) 

Stoichiometry of Lead Telluride, by E. Miller, K. 
Komarek, and I. Cadoff (EMD) 

Annealing of Point Defects in Cold-Worked Tung- 
sten and the Influence of Impurities on the Kinet- 
ies, by L. A. Neimark and R. A. Swalin (IMD) 
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MOBILE LAB 


®> A plan to bring the basic tech- 
niques of handling radioisotopes to 
small US colleges is now rolling in 
the form of a 35-ft mobile labora- 
tory. Scientists and technicians from 
the Oak Ridge Institute of Nuclear 
Studies will begin the program this 
Fall by traveling to colleges in the 
South and Southeast whose nuclear 
facilities are limited. 

The bus-type unit will present 
two-week laboratory and lecture 
courses on radioisotopes, based on 
the course first given by the Institute 
in 1948. 

Operating on a dual system, the 
course wil permit six students to 
work in the laboratory, while an- 
other six receive the lecture portion 
of the course. More may be trained, 
however, depending upon the needs 
of the college and facilities available. 

For further information on the 
Mobile Isotopes Training Program, 
write: University Relations Division, 
Oak Ridge Institute of Nuclear 
Studies, P. O. Box 117, Oak Ridge, 


Tenn. 
GRANTS 


® A new program supporting the 
renovation and/or construction of 
doctoral-level research laboratories 
for engineering and natural sciences 
at institutions of higher education is 
announced by the National Science 
Foundation. 

“Generally speaking,” the an- 
nouncement explains, “equipment to 
be supported will be limited to 
standard fixed equipment, e.g., 
laboratory benches, built-in  re- 
frigerators, and so on, whether the 
grant is for construction of a new 
laboratory or the renovation of an 
existing one.” No requests will be 
considered for facilities to be pri- 
marily used for instructional pur- 
poses. Institutions will be required 
to match the grants to the extent of 
50 pct of the direct costs. 

It is urged that interested persons 
direct their inquires to the Division 
of Mathematical, Physical, and En- 
gineering Sciences, National Science 
Foundation, Washington 25, D. C., 
before submitting proposals for 
grants. Dec. Ist is the deadline for 
submitting such proposals, and 
grants will be made by June 1, 1960. 


BOOKS 


& Casting Aluminum is the subject 
of a 32 pp. reference guide on cast- 
ing processes suitable for aluminum, 
just published by Reynolds Metals 
Co. Discussed are alloy selection, al- 
loying elements, molten aluminum, 
and the trimming and cleaning of 


castings. Eight reference tables also 
help annonate such topics as core 
sand mixes, tolerances, weight com- 
parisons, annealing and stress re- 
lieving cycles, shrinkage, and ma- 
chining. Copies may be obtained 
from the Reynolds Metals Co., Dept. 
PRD-17, Box 2346, Richmond 18, Va. 


& A Quick Guide To The Nickel- 
Containing Casting Alloys describes 
the experience of the International 
Nickel Co., Inc., in the production 
of nickel alloys. The 27 pp. booklet 
stresses the properties the alloys 
offer, as well as their applications to 
industry. Reference is also made to 


where the reader may obtain addi- 
tional information about a specific 
nickel alloy. The booklet is avail- 
able free of charge from: The 
Readers Service Section, The Inter- 
national Nickel Co., Inc., 67 Wall St., 
New York 5, N. Y. 


FILMS 
® Six audio-visual science teaching 
aids are available to professional 
societies on free loan from Bell 
Telephone Laboratories. Three mo- 
tion pictures, two filmstrips, and a 
record album make up the available 
materials. 
(Continued on page 566) 


UNITRON offers a 3-D stereoscopic 


microscope for as low as $110 


Wide 


ike 

A precision, budget-priced instru- 

MSL ment for industrial, laboratory and 

educational use. Invaluable for inspection, 
assembly, quality control and dissecting. 


e vertical binocular body with interpupillary and 
diopter adjustments 

e sturdy stand with glass stage plate. Cabinet 
and dustcover 

e rack and pinion focusing with intermediate dovetail 
slide to accommodate large specimens 

e optics: coated prisms and lenses. Single, fixed 
paired objective of initial magnification 1X*, 2X 
or 3X. Choice of single set of widefield eyepieces 


5X or 10X or 15X. 
Only $110 


(*$120 for model with 1X objective.) 
Additional eyepieces $19.50 per pair. 


ACCESSORY VERTICAL PILLAR STAND 


For use with binocular head and focusing mechanism of 
either Model MSL or MSHL. Facilitates the examination 
of large objects and extended areas. Sturdy, counter- 
balanced arm has both horizontal and vertical travel, 


$75 


Two independent angular motions of the 
binocular head permit orientation in any 


desired direction. Price (stand only) 


field - Large depth of focus - Long working distance - Erect image 


CL 


MSHL 


A versatile, general purpose instru- 
ment with a wide range of magni- 


fications. A high-stand model with mirror sub- 
stage for transmitted light is also available. 


M 


inclined binocular body with interpupillary and 
diopter adjustments 


sturdy stand with glass stage plate and reversible 
background contrast plate. Cabinet and dustcover 


revolving nosepiece for rapid interchange of objectives 


rack and pinion focusing with two intermediate 
dovetail slides to accommodate large specimens 


optics: coated lenses and prisms . .. Model MSHL-1 
includes 1X, 2X, 3X, paired objectives; 8X, 12X, 


15X paired wide field eyepieces ° 


odel MSHL-3 with paired objectives 


1X, 3X, 6X and eyepieces as above: 
price $275 


Prices f.0.b. Boston — Quantity discounts available 


SEP 


AVAILABLE FOR FREE 10 DAY TRIAL 
THE TREND IS TO UNITRON 


UN/ITRON 


INSTRUMENT DIVISION of UNITED SCIENTIFIC CO. 
204-206 MILK STREET + BOSTON 9, MASS. 


Please rush UNITRON Catalog on Microscopes. 10-U 
Nome 


Company 
Address. 


City Stote__ 
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First 


Water-Cooled, Silicone Rubber-Seated 
GOGGLE VALVE 


NEW... cas-rigur Service 


for High Pressure Furnaces 


Designed for use between dustcatcher and washer, this 
valve features parabolic silicone rubber seats in the 
goggle plate, and water cooled flanges. Design provides 
a tighter, more gas-proof seal than is possible with 
metal-to-metal seals. Write for Bulletin V-200. 


BAILEY 
GOGGLE VALVES 


wiuiam BAILEY company. 1221 BANKSVILLE ROAD PITTSBURGH 16, PA 


566—JOURNAL OF METALS, SEPTEMBER 1959 


EDUCATION 


(Continued from page 565) 


Crystals—An Introduction is a 
16-mm color-sound picture designed 
for novices in the field of crystal- 
lography. The film runs 25 min. 
Brattain on Semiconductor Physics 
is an introduction to the physics of 
semiconductors narrated by Walter 
H. Brattain, Nobel Prize winner for 
his co-invention of the transistor in 
1956. The 16-mm film is in black and 
white and runs 30 min. Submarine 
Cable System Development is an- 
other brief color film—18 min— 
which depicts the design and devel- 
opment of underwater communica- 
tion systems. The 16-mm film is 
accompanied by sound. 

Zone Melting is a 133-frame film- 
strip prepared by William G. Pfann, 
inventor of zone melting. The 45- 
min filmstrip is in four parts, adding 
up to a description of ultra-purify- 
ing solids and controlling the 
distribution of impurities in solids. 
Two 331/3 rpm records carry the 
filmstrip’s narration. The Formation 
of Ferro-magnetic Domains is an- 
other filmstrip, this time discussing 
the physical principles of domain 
formation, with particular emphasis 
on the energies involved in the pro- 
cess. The color filmstrip has 132 
frames and the audio portion is 
carried by two 331/3 rpm records 
which run 45 min. The Science of 
Sound is the sixth offering. It con- 
sists of two 331/3 microgroove re- 
cordings with a 90 min playing time. 
The record demonstrates 19 different 
acoustic phenomena as described by 
Bell Laboratories’ scientists. 

Contact your local Bell Telephone 
Co. offices for the procedure to be 
followed in borrowing these audio- 
visual aids. 


METALLURGY SCHOOL 


Purdue University now boasts a 
separate School of Metallurgical 
Engineering, following its Board of 
Trustees’ recent approval of a plan 
to divide its former School of Chem- 
ical and Metallurgical Engineering 
into two schools. The move repre- 
sents a further step in the develop- 
ment of the University’s metallurgi- 
cal program, which has granted B.S., 
M.S., and Ph.D. degrees in metal- 
lurgy since 1942. 

Reinhardt Schuhmann, Jr., will 
head the newly-formed School. Dr. 
Schuhmann, formerly chairman of 
the metallurgical engineering div. at 
Purdue, is Chairman-Elect of the 
Extractive Metallurgy Division of 
The Metallurgical Society of AIME. 
At this year’s Annual Meeting, he 
and William <A. Krivsky were 
awarded EMD’s Gold Medal for 
their paper on Thermodynamics of 
the Copper-Iron Sulfur System at 
Smelting Temperatures. 
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THE FALL MEETING 
THE METALLURGICAL SOCIETY 


Program and Abstracts 


As a non-profit organization operating in the 
public service, The Metallurgical Society of AIME 
encourages participation in and attendance at 
the Fall Meeting by all who feel they may benefit 
thereby. This is in accordance with AIME’s orig- 
inal objective of promoting “the arts and sciences 

nn t Ee connected with the economic production of the 
useful minerals and metals.”’ 


. Unless the metals man supports the activities 
of his professional society as a member, how- 
U IC ever, he denies his professional obligation, and 
overlooks the consequences that would result if 
this attitude were widespread. 


. The Metallurgical Society of AIME is made 
ervice up solely of qualified individuals in the metals 
field, and is effective only to the extent that it 
includes these individuals in its membership. 
Thus if you are a member, it is to your own 
advantage to invite nonmember colleagues to 
join the Society. If you are not a member, visit 
the Membership Desk at the Meeting to learn 
how membership can make an important differ- 
ence in your personal and professional career. 
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General Information 


Registration: To minimize confusion on Monday 
morning, registration facilities will be available on 
the First Floor Foyer of the Morrison Hotel in 
Chicago on Sunday, Nov. 1, from 3:00 until 9:00 pm. 
If you are in Chicago on Sunday, please register in 
advance. The registration fee is $5 to AIME mem- 
bers, $10 to non-members, and $1 to non-member 
students. The fee includes the abstract booklet as 
long as the supply lasts. There will be no registra- 
tion fee for Student Members of AIME, nor for 
those attending the dinner only. Students are re- 
quested to register. In addition to the above men- 
tioned advance registration facilities, you may reg- 
ister on the First Floor Foyer of the Morrison Hotel 
on Monday, Tuesday, and Wednesday from 8:00 am 
to 4:00 pm, and on Thursday from 8.00 am to 3:00 
pm. 


Fall Meeting Technical Sessions: The program 
includes sessions sponsored by the Divisions of The 
Metallurgical Society. Four simultaneous sessions 
will be held Monday morning through Thursday 
afternoon. 

The Eighth Annual Titanium Symposium will be 
held on Tuesday morning and afternoon. The Sym- 
posium will constitute a series of papers on “Tita- 
nium Versus Steel” for airframes, jet engines, pres- 
sure bottles, solid fuel motor cases, and marine and 
chemical plants. In addition a research abstract ses- 
sion on titanium is scheduled for Wednesday 
morning. 

The Annual Symposium on Nuclear Metallurgy 
will be held on Wednesday morning and afternoon. 
The subject for the Symposium is “Effects of Ir- 
radiation on Fuel and Fuel Elements.” Thirteen 
papers will be presented. 

The Institute of Metals Division’s Powder Metal- 
lurgy Committee will conduct its annual symposium 
on Thursday. Papers are scheduled on molecular 
processes at the gas-metal interface, sinterability of 
metal powders, infiltration of alumina with silicon, 
coulometric reduction, and dimensional changes in 
iron-copper sinterings. The powder metallurgists 
will again conduct a general luncheon after the 
conclusion of the morning technical session. The 
luncheon will be held in the Hollywood Room of 
the Morrison Hotel. 

The IMD Non-Ferrous Metallurgy Committee 
will this year hold the first technical sessions under 
its sponsorship. On Thursday morning a symposium 
will be held on “Current Practices in the Melting 
and Casting of Non-Ferrous Metals.” Zinc, alumi- 
num, copper alloys, and nickel alloys will be con- 
sidered. In the afternoon, research summaries on 
non-ferrous melting and casting will be presented. 
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The Extractive Metallurgy Division’s High- 
Temperature Materials Committee is co-sponsoring 
a Symposium on “Preparation, Purification, and 
Properties of Refractory Metals” with the IMD 
Refractory Metals Committee. Three sessions will 
be held—Monday morning and afternoon, and 
Tuesday morning. In addition, a series of re- 
search abstracts on “Refractory Metals” will be 
presented on Wednesday afternoon. 

The EMD Committee on the Physical Chemistry 
of Extractive Metallurgy has organized a Sympo- 
sium on “Refining of Pure Metals’ for Tuesday 
afternoon. 

The IMD Committee on the Chemistry and Phy- 
sics of Metals is sponsoring two symposiums: ‘“Kine- 
tics of Phase Transformations” on Monday 
morning, and “Mechanical Properties of Non- 
Metals” on Tuesday morning. Corresponding ses- 
sions based on research abstracts will be held on 
Monday and Tuesday afternoons. 

Altogether, 16 sessions are scheduled, based on 
over 140 abstract papers due for presentation. 


Authors’ and Chairmen’s Breakfasts: The break- 
fast for session chairmen and authors who will 
present papers at Monday’s sessions is scheduled 
for 8:00 am in Parlors B and C. For chairmen and 
authors of Nov. 3rd sessions, the breakfast will be 
held in Parlors B and C at 7:30 am. The breakfast 
in Parlors B and C at 7:30 am on Wednesday, 
November 4, will be for both Wednesday and 
Thursday authors and chairmen. The breakfasts will 
be on a Dutch treat basis, $3 per person. 


Annual Fall Dinner: The annual Fall dinner will 
be held in the Ballroom of the Morrison Hotel on 
Tuesday, Nov. 3, at 7:00 pm. Preceding it will be 
a 6:30 pm cocktail party in the Constitution Room. 
Tickets for the dinner will admit the holder to the 
cocktail party. Ladies are cordially invited to the 
cocktail party and dinner. Dress will be informal 
(business suits). 


Dinner tickets will cost $6.50 each and will be on 
sale at the registration desk in the Morrison Hotel 
during the meeting. Registrants are urged to buy 
their tickets early when they register to enable the 
Local Committee to plan the best party possible. 


National Metal Congress and Exposition: The Fall 
Meeting of The Metallurgical Society is part of the 
Annual Metal Congress. The American Society for 
Metals has its headquarters at the Hotel Sherman. 
The annual ASM Seminar will be held on Saturday 
and Sunday, Oct. 31—Nov. 1. The subject of the 
Seminar will be “Resonance and Relation in Metals.” 
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Monday, Nov. 2, 
9:00 am 


Monday, Nov. 2, 
2:00 pm 


Condensed Program - Technical Sessions, 
Morrison Hotel, Chicago 


Ballroom 


Kinetics of Phase 
Transformations 
(Symposium) 


Kinetics of Phase 
Transformations 


Constitution Room 


Preparation, Purification, 
and Properties of 
Refractory Metals 
(Symposium) 


Preparation, Purification, 
and Properties of 
Refractory Metals 
(Symposium) 


Cotillion Room 


Diffusion 


Creep and 
Fatigue 


Embassy Room 


Metal Processing 


Thermodynamic and 
Physical Properties 


Tuesday, Nov. 3, 
9:00 am 


Tuesday, Nov. 3, 
2:00 pm 


Mechanical Properties of 
Non-Metals (Symposium) 


Properties of Non-Metals 


Titanium vs Steel 
(Symposium) 


Titanium vs Steel 
(Symposium) 


Recent Developments 
in Steelmaking 


Recent Developments 
in Steelmaking 


Preparation, 
Purification, and 
Properties of Refractory 
Metals (Symposium) 


\ 


Refining of Pure 
Metals (Symposium) 


Wednesday, Nov. 4, 
9:00 am 


Wednesday, Nov. 4, 
2:00 pm 


Effects of Irradiation 
on Fuel and Fuel 
Elements (Symposium) 


Effects of Irradiation 
on Fuel and Fuel 
Elements (Symposium) 


Surfaces and 
Quantitative Metallography 
(9 to 10:30) 


Plasticity and Strength 
of Single Phases 


Precipitation 
and Dispersion 
Hardening 

(9 to 10:30) 


Refractory Metals 


Titanium 
(9 to 10:30) 


Oxidation and Reduction 


Thursday, Nev. 5, 
9:00 am 


Thursday, Nov. 5, 
2:00 pm 


Current Practices in the 
Melting and Casting 

of Non-Ferrous Alloys 
(Symposium) 


Non-Ferrous Melting 
and Casting (Research 
Summaries) 


Recovery, Grain Growth 
and Textures I 


Theory and 
Observations of 
Imperfections 


Surface Films and 
Layers on Metals and 
Their Influence on 
the Sintering Process 
(Symposium) 


Recovery, Grain Growth 
and Textures II 


Heat Treatment and 
Properties of Steels 


Surface Films and 
Layers on Metals 

and Their Influence 

on the Sintering Process 
(Symposium) 


2:00 
2:00 


Wednesday, Nov. 4, a { 
2:00 pm—Mechanical Working . 
2:00 pm—Refractory Metals 


Thursday, Nov. 5, 


pm—Physical Metallurgy 


A summary of ASM technical sessions at the 
pm—Explosive Forming 


Hotel Sherman follows: 


Monday, Nov. 2, 
am—Composite Materials 


am—Steel I 
am—Titanium 
pm—High-Strength Steels 
pm—Composite Materials 


am—Nuclear Metals 
am—aAustenitic Alloys 
am—New Materials and 
Fabricating Techniques 
pm—Refractory Metals 
pm—New Materials and 
Fabricating Techniques 


Tuesday, Nov. 3, 


am—Explosive Forming 
am—Steel II 
am—Creep and Deformation 
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The ASM Campbell Memorial Lecture will be 
given by Dr. A. R. Troiano of Case Institute of 
Technology, Cleveland, who will speak on The Role 
of Hydrogen and Other Interstitials on the Mechan- 
ical Behavior of Metals. The lecture is scheduled 
for 10:30 am, Wednesday, at the Hotel Sherman. 


The National Metal Exposition is being held at 
the International Ampitheater in Chicago during the 


Sunday, November 1 
3:00 pm to 9:00 pm 


Registration 
(First Floor Foyer) 

IMD Publications 
mittee Meeting 
(Parlor B) 

IMD Programs Committee 
Meeting 
(Parlor C) 

IMD Scope of Technical 
Committees Meeting 
(Parlor C) 


4:30 pm Com- 
4:30 pm 


5:30 pm 


Monday, November 2 


8:00 am Breakfast for Monday 
Authors and Session 
Chairmen 


(Parlors B and C) 
Registration 
(First Floor Foyer) 


8:00 am to 4:00 pm 


12:00 m IMD Titanium Committee 
Luncheon Meeting 
(Parlor B) 

12:00 m IMD Chemistry and Physics 
of Metals Committee 
Luncheon Meeting 
(Parlor C) 

1:30 pm IMD Corrosion-Resistant 
Metals Committee Meet- 
ing (Parlor C) 

4:30 pm IMD Membership Com- 
mittee Meeting 
(Parlor B) 

4:30 pm IMD Mathewson Gold Medal 


Award Committee 
(Parlor C) 
Tuesday, November 3 
7:30 am Breakfast for Tuesday Au- 
thors and Session Chair- 
men 
(Parlors B and C) 
Registration 
(First Floor Foyer) 
Metallurgical Society Pub- 
lications Committee Meet- 
ing (Parlor B) 


8:00 am to 4:00 pm 


9:00 am 
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CALENDAR 


week of November 2-6. The Exposition will be 
open from 10:00 am until 6:00 pm on Monday, from 
noon until 10:00 pm on Tuesday and Wednesday, 
and from 10:00 am to 6:00 pm on Thursday and 
Friday. Some 400 nationally known firms engaged 
in the production of metals, the treatment of metals, 
the fabrication of metals, or those firms rendering 
services to such companies, will exhibit their pro- 
ducts, equipment, and services. 


OF EVENTS 


12:00 m IMD Executive Committee 
Luncheon Meeting 
(Walnut Room) 

Yale Metallurgical Alumni 
Luncheon 
(Parlor A) 

IMD Nuclear Metallurgy 
Committee Meeting 
(Parlor B) 

Cocktail Party for Dinner 
Guests 
(Constitution Room) 

Annual Fall Dinner 
(Ballroom) 


12:00 m 


4:00 pm 


6:30 pm 


7:00 pm 


Wednesday, November 4 
7:30 am Breakfast for Wednesday 
and Thursday Authors 
and Session Chairmen 
(Parlors B and C) 
8:00 am to 4:00 pm Registration 
(First Floor Foyer) 


9:00 am IMD Structural Materials 
Committee Meeting 
(Parlor C) 
12:30 pm Metallurgical Society Board 
of Directors Luncheon 
Meeting 
(Walnut Room) 
4:00 pm IMD Surface Treatment 
Committee Meeting 
(Parlor B) 
5:00 pm IMD Powder Metallurgy 
Committee Meeting 
(Parlor C) 
5:30 pm IMD Awards Committee 
(Parlor B) 
Thursday, November 5 
8:00 am to 3:00 pm Registration 


(First Floor Foyer) 
General Luncheon—Spon- 

sored by IMD Powder 

Metallurgy Committee 
(Hollywood Room) 


12:15 pm 
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Monday, November 2 


9:00 am to 12:00 m, Ballroom 


Symposium on Kinetics of Phase Transformations 


(Sponsored by IMD Chemistry and 
Physics of Metals Committee) 


Chairman: A. S. Nowick, International Business 
Machines Corp. 


Kinetics of Martensitic Transformations: Larry 
Kaufman, Manufacturing Laboratories, Inc. 

Kinetics of Ordering: L. R. Weisberg, Radio Corp. of 
America. 

Kinetics of Precipitation: David Turnbull, General 
Electric Co. 


9:00 am to 12:00 m, Constitution Room 


Symposium on Preparation, Purification, and 
Properties of Refractory Metals 


(Sponsored Jointly by IMD Refractory Metals 
Committee and EMD High-Temperature 
Materials Committee) 


Chairmen: J. H. Bechtold, Westinghouse Electric 
Corp., and R. C. Nelson, Sylvania Electric 
Products, Inc. 


Electron Beam Melting of Refractory Metals: 
Charles Hunt, and H. R. Smith, Jr., Temescal 
Metallurgical Corp. 


Shape Casting of Molybdenum: E. D. Calvert, S. L. 
Ausmus, and R. A. Beall, U. S. Bureau of Mines. 


Cast molybdenum shapes can be produced by the cold-mold arc 
casting method originally developed for titanium. The power input 
requirement is higher, and the heat efficiency is lower than for 
titanium. The grain size in the cast structure is finer than that 
of cold-mold ingots, but not sufficiently fine to give strength and 
ductility comparable to worked metal. Analyses reveal possible 
mold material contamination in the metal. Operational details are 
given for centrifugal and static cast shapes. 
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Purification Reactions of Tantalum During Vacuum 
Sintering: W. D. Klopp, D. J. Maykuth, H. R. 
Ogden, and R. I. Jaffee, Battelle Memorial Insti- 
tute 


The purification of commercial purity tantalum powder by vac- 
uum sintering in the temperature range of 2600-2860°C. has been 
investigated. Mixtures of tantalum oxide and tantalum carbide were 
sintered at 1800 and 2200°C. Tantalum bars containing 1 pct addi- 
tions of oxygen, nitrogen, and carbon were sintered in the range 
of 2000-2600°C. Analyses were conducted on the sintered mixtures 
to determine the extent of removal of oxygen, nitrogen, and 
carbon at each sintering condition. The mechanism for removal 
of each impurity, and the conditions necessary for preparing duc- 
tile tantalum by vacuum sintering are discussed. 


Study of Consumable Arc Melting of Two High- 
Strength Oxidation-Resistant Columbium-Base 
Alloys: T. L. Robertshaw and D. L. Keller, Gen- 
eral Electric Co. 


A statistically designed experiment with factors of meltoff rate, 
are length, and magnetic stirring was performed on each of two 
alloys. The alloy known as F-48 was melted under vacuum. The 
other alloy (F-50) was melted under a dynamic atmosphere of 
He/A. The ingots were checked for porosity, surface condition, 
grain size, segregation, chemical recovery, and impurity refinement. 
In addition, the effect of electrode to mold area ratio was studied. 


Volume VI on “Nuclear Metallurgy” 


The papers to be presented at the Sympo- 
sium arranged by the IMD Nuclear Metal- 
lurgy Committee on “Effect of Irradiation on 
Fuel and Fuel Elements” will be printed in a 
book entitled, Nuclear Metallurgy (Vol. VI). 


Purchase your copy at the registration desk, 
or order by mail from AIME Headquarters, 
29 West 39th Street, New York 18, N. Y. 
Price: $7.00 (AIME Members: $5.00) 


(Copies of Nuclear Metallurgy, Vols. I, IL, Il, 
IV, and V also available.) 
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9:00 am to 12:00 m, Cotillion Room 
Diffusion 


(Session Based on Submission of 
Research Abstracts) 


Chairmen: R. W. Balluffi, University of Illinois, and 
Ernest Kirkendall, AIME 


Self-Diffusion in Alpha Iron: C. E. Birchenall and 
R. J. Borg, Princeton University 


The self-diffusion coefficient of alpha iron has been determined 
within the temperature range 980 to 1167°K using Fe* as the 
tracer. Well above the temperature of the magnetic transformation 
the data, which are more precise and differ substantially from all 
previously reported results. obey the equation 

D (118 + 3) exp (—67240/RT) cm? sec-'. 
With decreasing temperature the diffusivity decreased much more 
rapidly than this equation predicts 


Diffusivity of Hydrogen in Alpha Iron: D. C. Carmi- 
chael, Battelle Memorial Institute, J. R. Hornaday, 
Jr., General Motors Corp., A. E. Morris, U. S. 
Bureau of Mines, and N. A. Parlee, Purdue Uni- 


versity 


An unsteady state method for determining the diffusivities of 
gases in metals involving a Sieverts type of gas absorption appa- 
ratus has been developed. 

Solubilities and rates of absorption and effusion of hydrogen in 
a-iron were measured in the range 315 to 720°C. The solubilities 
are in very close agreement with the results of Armbruster. The 
absorption and evolution behavior of hydrogen in pure clean an- 
nealed a-iron above (about) 400°C was found to be diffusion con- 
trolled. The diffusivity can be represented by the equation 

6.30 x 10-4 


T 
where D is in sq cm per sec and T is in °K. 

At temperatures below about 400°C surface effects appear to be- 
come important, rate of evolution and absorption being slowed 
below values predicted from purely diffusion controlled behavior. 
Even at temperatures above the 400°C region the presence of oxy- 
gen or certain other surface contaminants can cause deviation from 
diffusion controlled behavior. 


Solubility and Diffusivity of Hydrogen in Iron: M. L. 
Hill and E. W. Johnson, Westinghouse Electric 


Corp. 

The solubility of hydrogen in iron between 200 and 1300°C was 
determined by analysis of samples that were treated in hydrogen 
gas at pressures from 1 to 150 atm. Above 400°C the solubility 
values are in agreement with the earlier measurements of Sieverts 
and others, but below 400°C the solubility was found to be sub- 
stantially higher than the values obtained by extrapolation from 
the higher temperature range. 

The diffusivity of hydrogen in iron between 25 and 750°C was 
determined from non-steady evolution rate measurements. The re- 
sults were found to be independent of grain size, thermal history 
and impurity contents of the various specimens. Above 250°C, 
where the diffusion process appears to be interstitial, the diffusiv- 
ity D varies with temperature according to the relation D (sq cm 
per sec) = 0.0014 exp (—3200 cal/RT). 

Below 200°C, the measured diffusivity was considerably smaller 
than the values obtained by extrapolation from the higher tem- 
perature range. The results between 200 and 25°C conform to the 
relation D (sq cm per sec) = 0.123 exp (—17800 cal/RT). 

The behavior of both the solubility and diffusivity at low tem- 
peratures is consistent with the hypothesis that some of the hy- 
drogen in the iron is somehow trapped. Trapping mechanisms in- 
volving microcracks, vacancies, and dislocations have all been ex- 
amined, but none of these models appears adequate to account for 


the observations. 
Thermal Diffusion of Carbon in Alpha and Gamma 
Iron: P. G. Shewmon, Carnegie Institute of Tech- 


nology. 
When a homogeneous single phase carbon alloy is placed in a 
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temperature gradient, the carbon concentration decreases at the 
cold end and increases at the hot end. This phenomena is called 
thermal diffusion. For a given temperature gradient the quantity 
which indicates the magnitude of the force producing this re- 
distribution is called the heat of transport of carbon. Q.*. The pur- 
pose of this work was to obtain accurate data for Q.* in a and y 
iron over a range of carbon contents. This allows a quantitative 
check of a hypothesized relation between Q.* and the partial 
molar heat of solution of carbon in a@ and ¥ iron (1), as well as 
——s some of the first quantitative data on Q.* for solutes in 
metals. 

The heat of transport was determined by annealing 2 mm-thick 
cylinders of various C™ doped Fe-C alloys in a temperature gradi- 
ent until a steady-state was attained. The samples were then 
counted on the two faces and from the rates of their activities, Q.* 
was determined. The experimental problems which were initially 
trobulesome were determining the temperature gradient in the 
specimen during annealing, and carbon redistribution in cooling 
the phase to room temperature. 

In an alloy of 0.02 pet C, Q-* (a-Fe) was 24 + 2 kcal while 
Q-* (y-Fe) was 2.2 + 1.5 kcal. Q-* (y-Fe) was also determined in 
alloys of 0.33 and 0.847 pct C and found to be the same as that 
for the 0.02 pct alloy, within experimental error. 


Determinations of the Self-Diffusion of Chromium 
and the Diffusion of Chromium in Binary Iron- 
Chromium Alloys by the Autoradiographic Tech- 
niques: H. W. Paxton, Tatsuro Kunitake, and E. J. 
Pasierb, Carnegie Institute of Technology. 


The self-diffusion of chromium and the diffusion of chromium 
in binary iron-chromium alloys were determined by autoradio- 
graphic techniques using the radioisotope Cr". 

The diffusion specimen was in the form of a welded sandwich, 
in which a thin interfacial evaporated layer of chromium contain- 
ing the radioisotope was located between the ends of two identical 
chromium or iron-chromium specimens. Photodensitometer meas- 
urements made on subsequent autoradiographs allowed the diffusion 
coefficient at 1275°C to be estimated. A very considerable depend- 
ence of the diffusion coefficient upon the composition of the alloy 
was observed. 


Composition, Pet Cr D, sq cm per sec 


100 2.9 x 10-2 
90 3.0 x 10-" 
85 3.8 x 10-1 
80 8.9 x 10-" 
70 4.6 x 
50 4.0 x 10-* 
30 1.8 x 10-* 


To the author’s knowledge, this is the largest variation in a 
diffusion coefficient ever measured in a binary system. The re- 
sults are especially surprising since the iron-chromium system at 
1275°C is thermodynamically ideal. 

Kirkendall experiments on couples of pure chromium welded to 
30 Cr-70 Fe showed consistent marker movement towards the chro- 
mium. The movement was proportional to t'/*, and had an activa- 
tion energy of 59,400 cals per mol. A Darken analysis of D meas- 
ured from these experiments and using the above values of Der 
gave Dr. and a predicted marker movement in good agreement with 
the observed movement. 

The results will be discussed by invoking the possibility of ring 
diffusion for Cr. 


Electron Microprobe Measurements of the Diffusion 
of Columbium into Iron, Nickel, Chromium, 
Molybdenum, and Stainless Steels at Elevated 
Temperatures: L. S. Birks and R. E. Seebold, 
U. S. Naval Research Laboratory. 


Binary diffusion couples of columbium, with iron, nickel, chrom- 
ium, molybdenum and complex couples with stainless steel have 
been formed at 1100°C. The resulting diffusion zones, varying in 
width from 6 to 1400 uw, have been quantitatively analyzed by use 
of the electron probe microanalyzer. Diffusion curves have been 
constructed for all of the couples and where practicable the diffu- 
sion coefficients have been calculated. 

Methods for the preparation of the diffusion couples and their 
analyses are described. 

A brief description of the electron probe microanalyzer—includ- 
ing the new electrostatic beam deflection plates and the associated 
television type display—is included. 
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Diffusion of Uranium and Aluminum-Silicon Eutec- 
tic Alloy: D. R. Green, General Electric Co. 


The penetration of uranium through an aluminum-silicon eutectic 
alloy (‘AISi) is an important factor affecting the design of AISi 
bonded-aluminum or aluminum-alloy jacketed-uranium fuel ele- 
ments. Complete penetration of the jacket by uranium in a reactor 
fuel element is detrimental because of contamination of the coolent 
stream, and possible deterioration of the fuel element by local cor- 
rosion of the jacket. AISi bonding is used because of its relatively 
low cost, excellent adherence to both uranium and aluminum, low 
thermal neutron cross section, and high thermal conductivity. 

In the present study, the rates of penetration of uranium into 
AISi and AISi into uranium were determined at temperatures be- 
tween 200 and 300°C. 

Vacuum cathodic etching was successfully utilized to prepare 
critically clean surfaces necessary for this study. A unique statisti- 
cal method was applied to obtain the maximum penetration rate 
and to reduce the effect of abstruse variables on the final result. The 
rate of diffusion at some uranium grain boundaries was higher than 
in immediately adjacent metal, but there was no general correlation 
of maximum points of diffusion with visible grain boundaries. X-ray 
diffraction studies showed that UAls was the major constituent of 
the diffusion product. Small areas of another phase in the diffusion 
zone were detected by means of metallographic and microhardness 
techniques. 

The penetration of uranium into AISi is given by 


x = (9.7 x 10 1/2 
and the penetration of AlSi into uranium is given by 
x = (6.75 x 10° te-2,700/RT) 1/2 


where x is the penetration from the original U/AISi interface, in 
mils, R the gas constant, in cal per mole, T the absolute temper- 
ature, and t the time in hours 

Thermally cycling the diffusion couples from the annealing tem- 
perature to room temperature and back to the annealing temperature 
markedly reduced the diffusion rates. AlSi silicon content variations 
between 11 and 14 pct did not measurably affect the penetration 
rates. 


Prediction of Electric Mobilities in Molten Alloys: 
E. E. Hucke, University of Michigan 


During the course of recent investigations of the electric mo- 
bilities of liquid metals, a simple criterion has been developed that 
enables one to predict the direction of motion of the components 
of a molten alloy in an electric field. It also predicts the magnitude 
of the electric mobility with satisfactory accuracy. It has been found 
that the velocity of any species is proportional to its metallic val- 
ence divided by its atomic weight and the square of the atomic 
radius. The mobility of one compenent referred to the second com- 
ponent, which is normally measured experimentally, is propor- 
tional to the difference of their individual velocities. 

There is available in the literature unambiguous transference 
measurements for forty alloy systems. The criterion correctly pre- 
dicts the direction of migration in thirty eight of these. There are 
reasonable physical explanations for the two anomalous systems. 
When the criterion is applied to mercury amalgams it gives a good 
prediction of the magnitude of the mobility. The amalgams are 
the only systems in which there is enough data to test the rela- 
tion in this manner. Included in the forty alloy systems are seven 
ternaries, all of which are correctly predicted. The criterion also 
enables one to advance a simple explanation for the strange behavior 
of some alloys which undergo a reversal of migration direction at 
different concentrations. 

The relationship, while essentially empirical in nature, can be 
rationalized by existing physical theories. Its great advantage lies 
in the fact that predictions of migration direction and velocity can 
be made without recourse to measurements of self diffusion co- 
efficients or the use of valences which are unoperational i.e. para- 
meters which must be determined from the experimental results. 


On the Theory of Self-Diffusion in Liquid Metals: 
R. A. Swalin, University of Minnesota 


The theory of diffusion in liquids is considered from the stand- 
point of fluctuation theory. It is postulated that diffusion results 
from the movement of atoms and variable distance as a result of 
local density fluctuations. From geometrical considerations it is 


13 


MONDAY, NOVEMBER 2 


deduced that about four atoms besides the diffusing atom are in- 
volved in such a fluctuation. The energy of a fluctuation is ex- 
pressed in terms of the Morse function. The following equation is 
derived for D, the self-diffusion coefficient 


D = 1.29 x 10-* T?/(AH,a*) cm® per sec 


where AH, is the heat of vaporization and a is related to the 
curvature of the potential vs distance curve. 

The theory results in there being no activation energy for the 
diffusion process but a plot of log D versus 1/T yields an apparent 
straight line over a small temperature interval, the slope of which 
is not a function of the properties of the element but only a 
function of the temperature of measurement. The relative value 
of D for various elements is a function of the properties of the 
elements, however. The theory is compared with experiment 
results with the agreement being generally quite good. 

It also follows that there is no activation volume in the usual 
sense but what is measured in pressure experiments, according to 
the theory, is the effect of pressure on the magnitude of fluctua- 
tions. 

The theory, if correct, also implies that thermodynamic proper- 
ties such as the partial molar heat of solution are important in 
solute diffusion and may be more important than solute atomic 
size effects. 


Study of Solute Diffusion in Liquid Tin: C. H. Ma 
and R. A. Swalin, University of Minnesota 


The diffusion of aluminum, zinc, silver, copper and nickel in 
liquid tin has been investigated by the capillary-reservoir tech- 
nique in a temperature range from about 240 to 480°C. All of the 
solutes investigated were present in dilute solutions ranging from 
0.2 to 0.7 wt pct. The solutes were chosen so as to cover a range 
of relative partial molal enthalpies from large positive values to 
large negative values. On the basis of the self-diffusion of tin, it 
is found that the ratios of Dsoiute to Deeit are 4.70, 1.90, 1.57, 
1.15, and 1.10, respectively for aluminum, zinc, silver, copper, and 
nickel within + 15 to 20 pct error. Diffusion coefficients of copper 
and nickel can be considered to be identical with that of tin 
within experimental error. The Stokes-Einstein and Eyring equa- 
tions which consider only the factor of atomic size, do not pre- 
dict accurately the relative order of diffusion coefficients amongst 
the solutes. They do, however, predict the order of magnitude of 
the diffusion coefficients themselves. It appears, therefore, that 
factors other than size must be taken into account in evaluating 
the diffusion constant. On the basis of fluctuation theory, it is 
expected that those solutes which have a large positive relative 
partial molal enthalpy diffuse considerably faster than those solutes 
which have a large negative relative partial molal enthalpy, since 
there is a much higher probability of significant density fluctuations 
occurring in the vicinity of the solute atoms in the former case. 
The data appear to be in agreement with this conclusion. Unfortu- 
nately, no quantitative comparison is feasible at the present time 
because of the lack of potential energy vs distance data for 
solute-solvent neighbors in solution. It is further proposed that 
in dilute solutions, the diffusion coefficient of a solute approaches 
that of the solvent if the solute has a zero or large negative rela- 
tive partial molal enthalpy in the solvent. 


9:00 am to 12:00 m, Embassy Room 


Metal Processing 
(Session Based on Submission of 
Research Abstracts) 


Chairmen: K. E. Rose, University of Kansas, and 
R. S. Miltenberger, U. S. Steel Corp. 


Progressive Solidification Study for Vacuum Cold 


Hearth Melting; J. H. Kelley, G. Facaros, and B. 


W. Swanson, Westinghouse Electric Corp. 


The advantage offered by the combination of vacuum and pro- 
gressive solidification makes vacuum arc cold hearth melting an 


accepted process for improving the properties of metals. Macro- 
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segregation, ingot soundness, and yield are related to the degree 
of progressive solidification which is obtained. 

The degree of solidification obtained can be optimized by vary- 
ing some of the parameters such as current density, electrode-ingot 
diameter ratio, arc length, etc., relative to the major independent 
variables: ingot size, material melted etc. 

The relationships were analyzed in three ways: mathematical for- 
mulation, analog simulation, and actual furnace testing. 

In the first method, a symbolic model was set up using Fourier’s 
heat conduction equation. This resulted in a complex mathe- 
matical expression. In the second method, the heat conduction 
pattern was simulated by electrical resistances; the heat input by 
voltage; and the heat capacity by electrical capacitances. A series 
of tests were run on this network and the results used to correlate 
with the equation above. 

Several heats were made on six different size ingots for actual 
pool depth determination. All results were compared and corre- 
lated. 

Metallurgically, best properties were realized when pool depth 
was less than ingot diameter. 


Directional Freezing of Magnesium Alloys: A. S. 
Yue and J. B. Clark, The Dow Chemical Co. 


This paper describes a method of determining the effective dis- 
tribution coefficients for Al, Cu, Ni, Sb, Sn and Zn in polynary and 
binary magnesium alloys. The values are in good agreement with 
those determined by the zone-melting technique. The calculated co- 
efficients are constant at slow freezing rates indicating that equi- 
librium freezing is closely approached. These coefficients increase 
exponentially as the freezing rate increases indicating a non-equi- 
librium freezing condition. The rate at which non-equilibrium freez- 
ing occurs is lower for the polynary alloy than for the binary 
alloy possibly because of a higher total solute content. In order to 
obtain an equilibrium distribution coefficient, ko, from the direc- 
tional freezing technique, two experimental conditions must be ful- 
filled: 1) The rate of freezing must be sufficiently slow so that 
equilibrium freezing conditions are approached. 2) The solute con- 
centration in the freezing solid must not exceed the maximum solid 
solubility in the system. 

In a system where the maximum solid solubility is very small, 
the determination of a solidus using conventional methods is im- 
practical. However, the solidus can be calculated by using data 
obtained from the directional freezing technique. The determination 
of the Mg-Cu solidus is described for illustration. These data indi- 
cate that a reasonably accurate solidus can be calculated from the 
easily determined liquidus and from a knowledge of the effective 
distribution coefficient. 


A Comparison of Arc-Melting Conditions and Their 
Effects on Reactor-Grade Zirconium Alloy Ingots: 
J. H. Hart, Westinghouse Electric Corp. 


An outline of the early techniques used to melt zirconium alloys 
at the US Bureau of Mines Station shows that a single-melt at- 
mosphere, consumable-electrode, arc-melt was later replaced by 
a double-melt, consumable-electrode, arc-melt, the first melt under 
an inert atmosphere and the remelt under a dynamic vacuum. 
Current arc melting specifications and conditions are described and 
contrasted with the Bureau of Mines techniques. 

From evaluation work obtained by splitting zirconium sponge 
blends and by melting the partial blends under different conditions 
of rate and vacuum, evidence is given concerning the amount of 
hydrogen and chlorine retained in the ingot. Specific levels of 
vacuum applied during melting are related to the amount of 
volatiles contained in the ingot. Melting rate calculations are given 
and contrasted to the melting conditions and to the amount of 
sponge blend volatiles. Power consumption rates are also related 
to the melting conditions. Data presented indicates a higher melting 
rate and a lower power consumption rate for vacuum melting than 
is required for melting conducted under an inert atmosphere. The 
level of volatiles in double vacuum melted zirconium is signifi- 
cantly lower than in zirconium first melted in a vacuum and re- 
melted in an inert atmosphere. 

Vacuum melted zirconium alloys are shown to contain fewer mi- 
crostructural stringers and microporosity than atmosphere melted 
zirconium alloys. A review of mechanical properties, corrosion test 
results and microstructural considerations are given to indicate the 
benefits to be obtained by vacuum melting. 
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Use of Vibration in the Solidification of High Tem- 
perature Alloys for Refractory Metal: L. M. 
Bianchi, J. H. Kelley, and D. R. Carnahan, West- 
inghouse Electric Corp. 


This report includes discussions of the proposed theories, experi- 
mental procedures used and the results obtained in the application 
of vibration during the solidification of ingots of high temperature 
alloys and refractory metals. Since the early observations on the 
effect of vibration during solidification, many theories have been 
proposed on the mechanism by which grain refinement occurs. A 
brief discussion of these theories is included in this paper. Investi- 
gations on the use of vibration during solidification in the past have 
sometimes given erroneous results because of the procedures used. 
More often than not procedures used in applying the vibration to 
the solidifying ingots were determanative of the results. The ex- 
perimental technique used applied the ultrasonic vibration directly 
to the solidifying material reported on in this paper. A discussion 
of the frequency and the power dependance of the results is in- 
cluded. The results obtained in the application of this technique to 
iron-base and nickel-base alloys as well as to refractory metals is 
presented. This data includes results on both air melted and vac- 
uum arc melted materials. A discussion is included on the potential 
of the application of these techniques to the general metallurgical 
industry. 


An Effect of Ultrasonic Irradiation During Ingot 
Solidification: W. A. Tiller, D. H. Lane, and J. W. 
Cunningham, Westinghouse Electric Corp. 


A new theory has been developed to account for certain ingot 
structure refinements attributed to the action of ultrasonic irradia- 
tion during solidification. The theory predicts that, if ultrasonic 
energy is applied to a freezing ingot in the appropriate manner, the 
resulting ingot structure should be similar to that observed when 
the alloy is cast with a low superheat. If the low superheat ingot 
has a fine equiaxed grain structure, the ultrasonically irradiated 
ingot should have a similar fine grained structure even when cast 
with a large superheat. 

The theory was tested on a solidifying ingot of an austenitic re- 
tainer ring alloy during consumable-electrode arc melting (2-‘% 
in. diam ingots). Using a singularly efficient method of energy 
transfer from the transducer to the solidifying ingot, the ultra- 
sonic irradiation technique effectively suppressed the columnar 
mode of crystallization common to materials melted in water- 
colled molds; ie. the grains in the ingot were predominantly 
equiaxed rather than columnar. Several normally non-forgeable 
materials became forgeable with this casting technique. 


A Study of Melting Procedures as Related to Ingot 
Solidification: D. R. Carnahan and L. M. Bianchi, 
Westinghouse Electric Corp. 


In order to study the effects of different vacuum arc melting 
practices on ingot structure, three 12-in. diam ingots of rotor steel 
were vacuum arc melted while keeping constant as many of the 
basic melting variables as possible. Two of these ingots were melted 
at Westinghouse, and one at Universal Cyclops Steel Corp. Of the 
two melted at Westinghouse, one was melted using conventional 
practices while the other ingot was ultrasonically vibrated. The first 
ingot, melted at Universal Cyclops, was melted using the same 
melting practices used on the first ingot produced at Westinghouse. 
Grain refinement was attained in a 12-in. diam vacuum arc melted 
rotor-steel ingot that had been ultrasonically vibrated during cast- 
ing. Two 12-in. diam vaccum arc melted rotor-steel ingots that were 
cast using the same melting procedure, but different furnaces, had 
different grain structures. 


An Investigation of Metal Spinning: S. Floreen, D. 
V. Ragone, E. E. Hucke, and W. Steurer, Univer- 
sity of Michigan. 


In this investigation the mechanical properties and the deforma- 
tions of a series of mechanically spun pieces was studied. The 
pieces were spun in the shape of truncated cones. Three different 
cone angles were used in order to study the effect of the amount 
of deformation. Two materials were used, 1100 aluminum and 
cartridge brass. 
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The mechanical properties were evaluated by cutting tensile 
specimens from the cones, and also by hardness, micro-hardness, 
X-ray line breadth, and metallographic examination. In general 
it was found that the tensile properties and surface hardness agreed 
with the properties produced by cold rolling to an equivalent re- 
duction. Variations in micro-hardness and line breadth thru cross 
sections of the cones were found as a function of the distance 
below the spun surface. In some cases it appeared that recovery 
had taken place at the spun surface. 

The deformation of the cones was studied by measuring the 
forces used to deform the cones during the spinning, and also by 
measuring the thickness variations and the displacements of grids 
that had been scribed on the blanks before spinning. Considerable 
variations in thickness, elongation, etc. were found in the cones. In 
general these variations could be correlated with the various 
forces, speeds and so on that were used to produce the cones. 


A New Method for Determining the Drawing Quality 
of a Sheet by Use of the Hydraulic Bulge Tester: 
W. N. Lambert, E. S. Madrzyk, and F. E. Gibson, 
Inland Steel Co. 


It has been found possible to utilize the instability point of a 
metal under biaxial tension as a sensitive criterion of drawability. 
A bulge tester similar to that used by Lankford and others, with a 
10 in. diam bulge opening, was designed and built as a means of 
applying the biaxial tension. The instability point is defined as that 
point at which plastic flow proceeds without increase in pressure. 

An attempt was made to correlate the bulge data with tensile 
values but, during the compilation of press performance and tensile 
data, it became apparent that little correlation existed between the 
two. In view of this, any further attempts to obtain tensile values 
from the bulge test did not seem warranted. 

Effort was then directed to find a criterion of drawability from 
the bulge data itself. The entire curve could not be represented by 
a simple function, but the upper portion approximated a parabola 
when pressure was plotted against height of bulge. The fact that 
the upper portion of the bulge curve is parabolic in nature allows 
the precise location of the instability point. This point so deter- 
mined has been termed the h value. A bulge index based on this 
value shows more ability to discriminate between small variations 
in drawing quality than any of the common tests heretofore 
employed. 


A New Method for Compacting Metal Powders Into 
Continuous Sections: Frank Emley and Charles 
Deibel, Westinghouse Electric Corp. 


The advantages to be gained through the use of powder raw 
materials have been recognized in the past. These advantages, 
however, especially in regard to the forming of large sections, have 
not been fully exploited because of serious limitations of current 
fabricating techniques. All of the present batch techniques for 
compacting metal powders, for example, are limited in the volume 
of material which can be processed. The continuous process of 
direct rolling of powders, which has been widely publicized in re- 
cent years, has serious limitations in thickness of pressed material 
and in quality of edges. 

This report describes a process for compacting powders into 
continuous bars which has been developed by the authors in order 
to overcome the limitations mentioned above. Known as Contin- 
uous Compaction, the new process enables continuous sections to be 
pressed from powders in widths and thicknesses much greater than 
possible by other methods. The process utilizes relatively low-cost 
capital equipment and tooling and is economical to operate. Many 
variations provide versatility and flexibility. Details of the method 
are described and results of experimental work on a wide variety 
of materials are presented. Bars having cross sections up to 1 x 2 
in. have been successfully pressed in the laboratory. Potential 
applications for the new processing technique are suggested and 
discussed. 


2:00 to 5:00 pm, Ballroom 


Kinetics of Phase Transformations 


(Sponsored by the IMD Chemistry and Physics of 
Metals Committee; Based Upon Submission of 
Abstracts) 


Chairmen: B. D. Cullity, University of Notre Dame, 
and L. S. Darken, U. S. Steel Corp. 
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A Variational Principle for the Description of Com- 
plex Metallurgical Transformations: J. S. Kirk- 
aldy, McMaster University. 


The variation principle 


Volume 


where, in terms of the system fluxes J; and thermodynamic forces 


ty 
i 


o)dadV = 0 (maximum), 


and the rate of entropy production per unit volume 
o = LinXi 
i,k 
gives an expression for the integral behavior of a conduction-dif- 
fusion-reaction chemical process. The validity of this expression 
can be checked by performing the variation with respect to the 
forces at fixed fluxes to obtain the well-known phenomenological 
equations, 
Ji = LinXe 
k 


This represents a denial of the principles used by Zener (maximum 
growth rate) and Cahn (maximum rate of decrease of free energy) 
for the description of the morphological features of the pearlite 
reaction. 

For a steady state process this general principle reduces to the 
principle of minimum entropy production, 


Sfe dV = 0 (minimum), 
Vv 


and in this form it can be used to rationalize dendritic growth since 
the non-planar morphology, as compared to a planar one, leads 
to the maximum rate of conservation of available as solute segrega- 
tion. 

For non-steady processes, and in particular, for the description 
of the morphological development of the isothermal pearlite reac- 
tion, the full expression must be used. This leads in approximation 
to an expression for the pearlite growth velocity v in terms of the 
degree of advancement of the reaction @ and its derivative with 
respect to v, 

v= 

a’ iv 
Further Studies of GPI Zone Formation in Al-2 at. 
pet Cu: H. Herman, M. E. Fine, and C. Chiou, 

Northwestern University. 


The kinetics of formation of Guinier-Preston zones of the first 
kind (GPI) near room temperature in Al-2 at. pct Cu has been 
investigated by following the increase in Young's modulus and 
Vicker’s hardness. Both polycrystalline and single crystal specimens 
were studied. The supersaturated state was accomplished by quench- 
ing from above the solvus temperature as well as by reversion. 

The magnitude of the change in Young's modulus is a function of 
orientation. During the period 1 to 100 hr the change is 0.42 pct 
for [100) and 0.03 pct for [111]. The rigidity modulus, G, was also 
measured. During the same interval G for [100] increases 0.35 pct 
and G for [111] increases 0.62 pct. 

Concerning the kinetics of GPI zone formation near room tem- 
perature: 1) Grain boundaries do not appear to have a significant 
effect. 2) Increasing the solution temperature from 515° to 550°C 
has the effect of slightly lowering the rate of zone formation as well 
as the initial value of hardness and modulus. 3) Decreasing the 
quenching speed from 2000°C per sec (25°C water) to 25°C per sec 
(25°C oil) reduces the rate of zone formation at early times, but 
the situation is reversed at later times where the slower quench 
gives the more rapid rate of segregation of Cu atoms to zones. 4) 
After reversion—5 days direct aging at room temperature, followed 
by 6 min at 205°C—an incubation time is noted before zones begin 
to form on re-aging at room temperature. The subsequent kinetics 
are much slower than for direct aging after the quench from 515°C. 
5) Interrupting the quench from 515°C by holding at 205°C for 
6 min also reduces the rate of segregation but the rate is consider- 
ably faster than after reversion. No incubation time is noted (first 
measurements are 15 min after the quench). 

The quantitative data is analyzed in terms of enhanced diffusion 
due to quenched-in vacancy-solute atom complexes. At early times 
during direct aging after the water quench a time exponent of 
about 1/3 is observed, [1 x = exp (— kt'/*) ). We suggest that 
this arises from the attraction of vacancy-solute atom complexes to 
zones. There is evidence that some segregation occurs during oil 
quenching. Further, the time exponent appears to be one, suggest- 
ing that the growth is diffusion controlled. 
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Aging Characteristics of Cu-Ti Alloys: G. T. Murray 
and J. B. Freeman, Materials Research Corp. 


The aging behavior of Cu-2.5 wt pct Ti alloys has been followed 
in the temperature range from 125 to 700°C by observing changes 
in electrical resistivity, hardness, and microstructure. At tempera- 
ture above 200°C a sharp decrease in resistivity is found after only 
30 sec aging time. Plastic deformation and neutron bombardment 
of the solution annealed specimens prevent this sudden decrease 
during subsequent aging. These observations are explained in terms 
of redistribution of solute atoms within quenched-in clusters. 


Phase Transformations in Nickel-Rich Nickel-Tita- 
nium-Aluminum Alloys: R. F. Decker and J. R. 
Mihalisin, The International Nickel Co., Inc. 


Phase transformations in a series of relatively pure Ni-Ti-Al 
binary and ternary alloys were studied. The purpose was to clarify 
age hardening mechanisms, especially in predominately titanium- 
hardened compositions. The microstructures, as determined on a 
time-temperature-transformation basis by light and electron micro- 
scopy and X-ray diffraction, were correlated with room temperature 
and hot hardnesses 

Age hardening in all the alloys was associated with »’, a FCC 
phase based on NisAl. Under non-equilibrium conditions, this phase 
was extended from the Ni-Al binary to the Ni-Ti binary, with com- 
plete replacement of aluminum by titanium possible. The non- 
equilibrium titanium-rich »’ transformed to » (HCP NisTi) by a 
cellular grain boundary reaction and by a Widmanstatten intra- 
granular reaction. A small boron addition retarded the cellular 
transformation. Residual cold work accelerated both reactions. Re- 
placement of titanium by aluminum was most effective in stabilizing 
non-equilibrium +’, the effect increasing with increasing aluminum 
content. A combination of titanium and aluminum in a 1.7 to 1 
atom ratio was found to give optimum age hardening. The maxi- 
mum disregistry in lattice constants of matrix and y' also was at 
this combination, suggesting optimum coherency hardening. 


Comparison of the Thermal Stability of Some Pre- 
cipitation-Hardened and  Dispersion-Hardened 
Nickel-Base Alloys: D. H. Feisel and Alexander 
Cochardt, Research Laboratories, Westinghouse 
Electric Co. 


A number of nickel-base alloys containing a few weight per cent 
of various hardeners was prepared. It was found that nickel alloy 
matrices hardened by precipitates of NisAl, NisTi, or TiC overage 
rapidly at temperatures of 1340°F (727°C) and above. Nickel-base 
alloys hardened by finely dispersed particles of aluminum oxide 
retain their high hardness of 250 to 400 dph for very long times 
at 1340°F (727°C). They do not appreciably overage within 16 hr 
at temperatures as high as 2000°F (1093°C). These findings are in 
agreement with previous theoretical considerations. 


A Study of the Transformation Kinetics of Alpha, 
Beta, and Gamma Plutonium: R. D. Nelson, Gen- 
eral Electric Co. 


There are six allotropic forms of plutonium. When the metal is 
heated, the alpha phase transforms to the beta phase at approxi- 
mately 120°C; the beta phase transforms to the gamma phase at 
approximately 203°C; and the gamma phase transforms to the delta 
phase at approximately 320°C. 

The kinetics of the alpha to beta, gamma to beta to alpha, beta to 
gamma, and alpha to beta to gamma transformations of plutonium 
were determined with a fluid displacement technique. The rates of 
formation of the alpha and beta phases from the gamma phase were 
determined after gamma heat treating and allowing a sample to 
transform isothermally in the alpha and beta ranges. Isothermal re- 
action curves were obtained from 160 to —78°C. The T-T-T curve of 
the gamma to beta to alpha transformation was plotted and found 
to be a double C curve. The upper C curve represents the gamma 
to beta transformation and the lower C curve shows the forma- 
tion of the alpha phase. The nose of the upper C curve was at 
100°C with the beta first appearing after 90 sec. The formation of 
the alpha phase from the gamma phase was considerably faster 
than from the beta phase. The gamma phase could not be retained 
regardiess of how rapidly the samples were quenched, whereas the 
nose of the beta to alpha T-T-T curve was at 20°C. 

Isothermal reaction curves and T-T-T curves of the reactions 
upon heating (‘alpha to beta, beta to gamma, and alpha to beta 
to gamma) were obtained with the same technique. The alpha to 
beta transformation was extremely sluggish below 123°C and 
proceeded quite rapidly (complete transformation after 2 min) 
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at temperatures greater than 135°C. The T-T-T curves of the beta 
to gamma and alpha to beta and gamma transformations were sim- 
ilar to the T-T-T curve of the alpha to beta transformation. 

The effect of the gamma and beta heat treating temperatures was 
examined. Curves were plotted showing that by increasing the 
gamma and beta heat treating temperatures, the rate of transforma- 
tion was decreased. Also it was found that a variation of the time 
of beta and gamma heat treating had essentially no effect on the 
rate of transformation. 

Photomicrographs show that the final grain size was not affected 
appreciably by the rate of transformation from the gamma phase 
to the beta phase. However, the final grain size was significantly 
larger for samples that were allowed to transform slowly from the 
beta phase to the alpha phase than for samples that were allowed 
to transform rapidly from the beta phase to the alpha phase. 


Hardening By Internal Oxidation As a Function of 
Velocity of the Oxidation Boundary: J. L. Meijer- 
ing, Philips Research Labs. 


When a slab of silver with, for example, 0.3 pct Mg is hardened 
by internal oxidation, the hardness decreases continually with 
depth below the surface. This phenomenon can be attributed to 
the diminution of the velocity of the oxidation boundary. The 
smaller this velocity is, the slower the free oxygen concentration 
rises towards the concentration in equilibrium with the oxygen 
gas. And a small O-concentration favours dissociation and thus 
conglomeration of the oxide, because undissociated MgO molecules 
will be practically immobile. 

This viewpoint was tested by internal oxidation of cylindrical 
and spherical specimens of some silver alloys. Here the velocity 
of the oxidation boundary passes through a minimum at 37 and 
50 pet of the radius respectively. About there one would expect 
the hardness to be minimum, and not in the center. There are 
some complications. For instance the oxide concentration de- 
creases somewhat towards the center, and in the inner regions 
the oxide has had less time to conglomerate. But it can be shown 
that these factors are of minor importance. Indeed micro-hardness 
measurements yielded minima in the neighborhood of the loca- 
tions named above. In flat, cyclindrical and spherical specimens of 
one and the same alloy oxidized under identical conditions (tem- 
perature and oxygen pressure) the hardness is approximately de- 
termined by the velocity with which the oxidation boundary has 
passed the location in question. 


The Growth Rate of Bainite: G. R. Speich, U. S. 
Steel Corp., and Morris Cohen, Massachusetts In- 
stitute of Technology 


The influence of time, temperature, and composition on the 
growth rate of bainite in high-purity iron-base alloys has been 
determined by hot-stage metallography. Three iron-carbon alloys, 
an iron-carbon-chromium alloy, and an iron-carbon-nickel alloy 
were used in this study. The measurements were restricted to the 
temperature range of 180 to 320°C and to carbon contents greater 
than 0.9 pct C. 

The bainite plates were found to grow in length at a constant 
rate. Growth in the width direction occurred at the same time. 
Considerable scatter was observed in the length growth rate meas- 
urements made on different bainite plates. A simple growth model 
is introduced to show that this scatter is not due to geometry but 
to a variation in the radial growth rate of the bainite plate. 

The temperature dependence of the growth rate can be ex- 


pressed by an equation of the form: ia B exp (— Q:/RT) where 


l is the length growth rate, B is a constant, and Q; is the ac- 
tivation energy for growth. The value of Q; was found to lie be- 
tween 14,000 and 18,000 cal per mol for all five alloys. 

Increasing the carbon content, or adding nickel or chromium as 
alloying elements, decreased the growth rate without greatly af- 
fecting its temperature dependence. The results are discussed on 
the basis of recent theories of bainite formation. 


Influence of Solution Annealing Treatment Upon 
Transformation Kinetics in Titanium-Chromium 
Alloys: H. I. Aaronson, Ford Motor Co. 


Solution annealing temperatures in the vicinity of the 8/a + 8, 
or transus temperature have been reported by McQuillan and 
Farrar and Margolin to affect drastically the kinetics of the § ~ a 
reaction in hypoeutectoid Ti-Cr alloys. These effects have been 
investigated, primarily in a Ti-10.64 pct Cr alloy. 

Control specimens were solution annealed for 1 hr at 1000°C 
and then isothermally reacted at temperatures in the range 700 to 
500°C. Additional specimens were solution annealed 1 hr at 1000°C 
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and then held for one day at temperatures ranging from 800 to 
725°C (the transus temperature in this alloy is between 740 and 
745°C) prior to isothermal reaction. 

When the lower solution temperature is 780°C or below, bulky, 
dark-etching a crystals precipitate at the grain boundaries. These 
crystals, which consume no more than about 2pct of the 8 matrix, 
apparently form only a few degrees below the transus. Their es- 
timated minimum growth rates are as much as 10 greater than 
the rates calculated on the assumption that equilibrium partition 
of chromium is achieved between a and § during growth. It is 
postulated that these crystals inherit most, if not all of the 
chromium content of the § matrix. Limited studies indicate that 
the proportion of the 8 which can be consumed by this mode of 
transformation increases markedly with decreasing chromium con- 
tent. 

The rate of lengthening of a plates formed isothermally at 650 
to 550°C decreases when the lower solution temperature is below 
780°C. At 600°C, reducing the lower solution temperature from 
780 to 745°C lowers the lengthening rate from 3.0 10-* to 
1.2 x 10 cm per sec. Qualitative observations indicate that the 
rate of nucleation of a, especially at sub-boundaries, also diminishes 
appreciably under these conditions. 

An explanation for these effects will be attempted in terms of 
retained concentration fluctuations in the 8 solid solution. 


Effect of Stresses on the Ordering Transformation in 
AuCu Alloy. G. C. Kuczynski and A. Freda, Uni- 
versity of Notre Dame. 


The effect of externaily applied tensile stresses ranging from 0 to 
200 kg per sq cm upon the rate of ordering of AuCu alloy was in- 
vestigated. For ordering temperatures between T. (405°) and 350°C, 
the application of a tensile stress resulted in a decrease of the in- 
cubation periods for both ordering and twinning and, if the stress 
exceeded 50 kg per sq cm, in an increase of the ordering rates. Be- 
low 350°C, the effect of stress was negligible. 

These observations seem to indicate that the free energy of nucle- 
ation is decreased by plastic deformation induced during nucleation 
of order. 


Hall Coefficient Changes During Ordering of Cu,Au: 
A. R. Von Neida and R. B. Gordon, Yale Univer- 
sity. 


The change in the sign of the Hall coefficient upon ordering of 
CusAu, has been investigated in detail. Measurements are made 
at room temperature on a plate type specimen quenched from the 
heat treatment temperature. By suitable heat treating schedules 
the size of the ordered domains and the degree of order within 
the domains are independently varied. 

With heat treatments above the critical temperature, T., the 
Hall coefficient is negative. Below Te, the Hall coefficient may be 
either positive or negative depending on the degree of long range 
order and size of the domains. When the domain size is larger than 
approximately 400A, the Hall coefficient is found to vary from 
negative, through zero, to positive values as the long range order 
within the domains is increased from that obtaining at a tem- 
perature of 376°C to that at 298°C. The Hall coefficient is negative 
for all values of the long range order parameter when the domain 
size is less than about 400A. 

The effect of domain size upon the Hall coefficient is compared 
at three different degrees of order within the domains by use of 
the quantity 

R-Ro 
Ra = 
R. is Hall coefficient of the disordered alloy and Ra that of the 
fully ordered alloy with the largest obtainable domain size. As the 
domain size is increased from 25 to 2000A, R, starts to change 
rapidly at a domain size of approximately 35A and is near its 
final value at 500A for all values of long range order within the 
domains. With increasing degrees of order within the domains the 
curves of R, vs domain size shift slightly in the direction of lower 
domain sizes but maintain the same shape. R, is found to become 
slightly negative at very small domain sizes when the degree of 
long range order is large. 


2:00 to 5:00 pm, Constitution Room 


Symposium on Preparation, Purification, and 
Properties of Refractory Metals 


(Sponsored Jointly by IMD Refractory Metals 


Committee and EMD High-Temperature 
Materials Committee) 
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Chairmen: R. W. Fountain, Union Carbide Metals 
Co., and L. P. Jahnke, General Electric Co. 


Deformation Behavior of Zone-Melted Tungsten 
Single Crystals: H. W. Schadler, General Electric 
Co. 


Single crystals of tungsten, which were grown by electron bom- 
bardment floating zone refining, were tested in tension and bending 
at 298 and 78°K to determine the slip systems at these two tem- 
peratures. The angle which the slip plane trace or rows of dis- 
location etch pits made with the crystal axis was measured on at 
least two faces of twenty crystals. The intersection of the loci of 
the poles of the possible slip planes causing these traces indicated 
the active slip plane when plotted on a stereographic projection of 
the crystal. 

The deformation at 78°K can be described as slip on the (110) 
<111> system only and as twinning on the (211) <111> system. 
For crystals deformed at 298°K, the data indicated that slip occurs 
in the <111> direction; and all of the data are consistent with 
the conclusion that there are two operative slip planes: the (110) 
and the (211). 


Mechanical Properties of Tantalum Metal Consoli- 
dated by Melting: M. Schussler, Union Carbide 
Metals Co., and J. S. Brunhouse, Aerojet-General 
Nucleonics 


A study was made on the mechanical properties and behavior 
characteristics of arc-melted and electron-beam melted tantalum. 
Both materials were examined in the cold-worked and the an- 
nealed conditions. Data are presented on the standard tensile 
properties over the temperature range of —321 to +2000°F, notched 
tensile properties, elastic modulus measurements, influence of 
strain rate in testing, true stress-true strain curves, effect of cold 
reduction on properties, impact strength properties, bend and 
cupping tests, predictions of formability, and hardness conversions. 

The properties of arc-melted and electron-beam melted tan- 
talum materials also are compared to published data on tantalum 
consolidated by vacuum sintering. 


Columbium-Oxygen Reactions from 450 to 1200°C: 
T. L. Kolski and W. T. Hicks, F. I. du Pont de 
Nemours and Co. 


The reaction rate of pure columbium with dry oxygen (1 atm) 
was measured to 50 pct of completion by a continuous weight gain 
technique in the temperature region 450 to 1200°C. These measure- 
ments show few regions of truly linear oxidation implied by some 
earlier workers but do confirm the transition from semi-protective 
to nonprotective oxidation and the rate reversal phenomenon re- 
ported prviously. Motion picture studies of the reaction clarify the 
anomalies by revealing a physical change in the nature of the 
oxide formed as a function of time and temperature. However, 
X-ray diffraction studies indicate that the same phase of Cb:O; is 
formed throughout the temperature region of the anomalies. Con- 
tinuous weight gain measurements on CbO are also reported and 
some tentative mechanisms for the oxidation of columbium are 
suggested. 


Reaction of Pure Tantalum with Nitrogen, Oxygen, 
and Air: W. M. Albrecht, W. D. Klopp, B. G. 
Koehl, and R. I. Jaffee, Battelle Memorial Institute. 


Kinetic studies of the reactions between tantalum and three 
gases were made at 400 to 1500°C, using gravimetric and volumetric 
techniques. The reaction of tantalum with oxygen followed a linear 
rate which varied with the square root of pressure. The reaction 
of tantalum with air resulted in the formation of an oxide film. At 
400 to 800°C the reaction rate in air was initially parabolic then 
became linear after a time which depended upon the temperature. 
At 900 to 1400°C the reaction varied between linear and parabolic 
behavior. The reaction in air, where the partial pressure of oxygen 
is 0.2 atm, was slower than the reaction in oxygen at an equivalent 
pressure. 

The reaction of tantalum with nitrogen followed a parabolic rate 
which varied very little with nitrogen pressure. The reaction rates 
were much slower than those found for either oxygen or air. 

Mechanisms in the various reactions were investigated. These 
included studies of the structure and properties of the films using 
X-ray and metallographic techniques. Also diffusion in the films 
and metal substructure was studied. 
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2:00 to 5:00 pm, Cotillion Room 
Creep and Fatigue 


(Session Based on Submission of 
Research Abstracts) 


Chairmen: E. J. Ripling, Continental Can Co., and 
J. O. Brittain, Northwestern University 


Effect of Stress on the Creep Rate of a Mg Single 
Crystal at 78 to 364°K: Hans Conrad and L. Hays, 
Westinghouse Electric Corp. 

Previous work by one of the authors indicated that for Mg single 
ain 


crystals the parameter B = & ) was independent of tem- 
afr T 


perature in the range 78 to 364°K. This can be interpreted to in- 
dicate that the activation energy for plastic flow of Mg crystals in 
this temperature range is independent of stress, contrary to the 
requirements of the intersection mechanism proposed by Seeger. 
However, it can be argued that during intersection the activation 
volume is a function of the stress, due to pinching of the partial 
dislocations, and of the temperature due to the effect on stacking 
fault energy and shear modulus. Since tests at high temperatures 
are conduited at low stresses due to experimental expediency, the 
combined effect of temperature on flow stress and stacking fault 
width may be such to give an activation volume which is ap- 
proximately proportional to the temperature over the range in- 
vestigated. The object of the present investigation was to study 


in more detail the value of the parameter B = (-—" for Mg 

T 
single crystals with regard to the variables of stress, strain, strain 
rate, and temperature. A special feature was to investigate the 
variation of B along a creep curve by adding and subtracting small 
stress increments during creep at a constant stress. All tests were 
conducted on one crystal (with intermittant recovery treatments) 
to avoid scatter associated with different specimens. 

The present results substantiated the earlier findings that B is 
independent of total stress, total strain and temperature. However, 
B decreased slightly with increase in strain rate, which could be 
given by 


B = a — b log 
where a and b are constants independent of temperature, "1 is the 


creep rate immediately preceding a stress increment, +" is the rate 
immediately following. Average values of a and b are 1.89 and 


0.06 respectively when B is in mm* per g and y in min. An 
unexpected result was that B increased with increase in number 
of recovery treatments 

The results are discussed in terms of the intersecting and Peierls 
mechanisms. They still do not permit a clear cut evaluation of the 
rate controlling mechanisms for plastic flow of Mg single crystals 
at low temperatures. 


On the Origin of Tertiary Creep in an Aluminum 
Alloy: A. S. Nemy, Thompson-Ramo Wooldridge 
Inc., and F. N. Rhines, University of Florida. 


High temperature tertiary creep of an aluminum alloy was in- 
vestigated. The results of microstructural studies show that the 
mode of tertiary creep is strongly stress dependent. In particular, 
the occurrence of necking and the appearance and type of fissures 
formed during tertiary creep exhibit a sequence with varying stress, 
wherein fissures with no necking occur at a minimum stress and 
necking with no fissures occurs at a maximum stress. At an inter- 
mediate stress, tertiary creep occurs at first without necking, but 
with fissures in a region just beneath the external surface; this is 
followed by necking and the development of fissures along the cen- 
ter line of the specimen 

Other specimens were tested to various stages of tertiary creep, 
removed from test, machined to produce new cylindrical test speci- 
mens, and retested in creep. The creep curves of these retests 
correlate well with the microstructural studies; e.g., at the mini- 
mum stress, the retest goes directly into tertiary creep; at the 
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intermediate and high stresses, the specimens either go immediately 
into tertiary creep or produce a normal second-stage creep curve 
depending on whether or not a neck had formed in the original test. 

The results are interpreted in terms of grain boundary gliding 
and the hydrostatic stresses produced by restraints to grain bound- 
ary gliding. 


Effect of Dilute Copper Alloying on the Activation 
Energies for Creep of Aluminum Single Crystals: 
D. Walton, L. Shepard, General Dynamics Corp., 
and J. E. Dorn, University of California. 


The activation energies for creep of single crystals of Al con- 
taining up to 0.25 pct Cu in alpha solid solution were determined 
over the range from 78 to 850°K. Single crystals were prepared 
from the melt in a special graphite mold. All crystals were seeded 
for an orientation that yields extensive easy glide in tension. 

Activation energies for creep were determined by the effect of 
small changes in temperature on the creep rate. From 78 to 200°K 
the alloy single crystals exhibited the same activation energy of 
about 4,000 cal per mole as pure Al crystals. From about 240 to 
400°K strain aging prevented the determination of the activation 
energies since the creep rate was found to be negligible; the 
plastic strain was found to be essentially a function of the ap- 
plied stress alone in this range. Between 450 and 490°K the ac- 
tivation energy for creep of the alloys increased from 35000 to 
about 41,000 cal per mole; and from 490 to about 700°K, over the 
range where pure Al single crystals exhibit the activation energy 
of 28,000 cal per mole for cross slip, alpha solid solution alloys 
of Al containing 0.09 to 0.25 pct Cu yielded a new activation 
energy of 41,000 cal per mole. This high activation energy can be 
rationalized in terms of a modification of the activation energy 
for cross slip due to solute atom effects. Above about 800°K the 
activation energy for creep of the Cu alloys of Al was 36,000 cal 
per mole, a value coincident with that for the dislocation climb 
process in high purity Al. 


Creep of a Recrystallized Aluminum SAP-Type 
Alloy: G. S. Ansell and F. V. Lenel, Rensselaer 
Polytechnic Institute. 


The creep behavior of an aluminum-aluminum oxide alloy, AT 
400, fabricated by compacting an atomized aluminum powder, ex- 
truding the compact, cold working and recrystallizing the extrusion, 
was investigated. This alloy has a dispersion spacing of 1 ,«. Pre- 
viously, Ansell and Weertman determined the steady-state creep 
rate of a recrystallized aluminum-aluminum oxide SAP-type al- 
loy, MD 2100, with a 0.48 « dispersion. This alloy was found to 
have a steady-state creep rate of less than 10-* min-', too small to 
be accurately measured. By employing a more sensitive method 
of measuring creep rate, it was possible to determine the steady— 
state creep rate of AT400 alloy, which is somewhat faster than 
that of MD2100, at a series of temperatures and applied stresses. 
Above a stress of 2 «4 b/\ (b = Burger’s rector \ = dispersion spac- 
ing, ~« = is a shear modulus) the rate follows an equation of the 
type: 


steady state creep rate K = A exp. (— Q/kT) of/w®kT [(1)] 


where A is a constant, Q is the activation energy for self diffusion, 
and ¢ is the applied stress. 

At stresses lower than 2 « b/\ the steady state creep rate drops 
off sharply and is no longer in agreement with Eq. [(1)]. This 
behavior is in good agreement with that predicted by the model 
proposed by Ansell and Weertman for dispersion strengthened 
alloys in the stress and temperature range investigated. The ab- 
solute value of the creep rate is, however, four orders of mag- 
nitude lower than that predicted if the normal number of active 
dislocation sources are assumed to be present. 

It is concluded that in this SAP-type alloy the usual three- 
dimensional dislocation network is not present. Instead, short 
dislocation segments extending from one dispersed particle and 
terminating at a neighboring particle may act as dislocation 
sources. With this provision the creep model proposed by Ansell 
and Weertman reasonably accounts for the creep behavior which 
was observed. 


Investigation of Static and Fatigue Strength of 
Metals Subjected to Triaxial Stresses: William 
Lehrer and Harry Schwartzbart, Armour Research 
Foundation. 


The objectives of this program were: (1) the determination of 
the effect of triaxial stresses on fracture in static and dynamic 
loading and (2) determination of the brittle fracture strength of 
metal in the absence of any preceding plastic flow. To achieve these 
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objectives, use was made of a composite brazed specimen consisting 
of a thin disk of soft metal between cylinders of hard metal. When 
a load is applied to the brazed bars, a triaxial stress condition is 
created due to the plastic restraint on the metal by the harder steel 
cylinder interfaces. 

Although base metals of mild steel and 4340 steel, and filler metals 
of lead, cadmium, and silver were utilized, significant data were ob- 
tained only with the silver filler metal and 4340 base metal. 

Experimental procedures and equipment were developed for pro- 
ducing sound and voidless brazements over a range of joint thick- 
nesses for accurately measuring joint thickness and for determining 
the tensile and fatigue properties of such brazements with a min- 
imum of scatter. 

The static tensile strength of silver butt brazements in 4340 steel 
increases with decreasing joint thickness because of increasing tri- 
axiality of stress, reaches a maximum at a joint thickness of ~1.5 x 
10+ in., and falls to a relatively constant value of 26,000 psi at 
thicknesses less than 4 x 10~ in. Possible modes and significance of 
this constant fracture strength level of silver have been hypothesized 
in the light of the program objectives. The maximum strength is 
greater than 110,000 psi, some 7% times the strength of cast silver 
in uniaxial tension. The ultimate tensile strength of pure cast silver 
has been determined to be approximately 15,000 psi. 

The fatigue life of silver-brazed butt joints in 4340 steel increases 
continuously with decreasing joint thickness, for both fluctuating 
tension and completely reversed axial loading over the entire range 
of joint thicknesses investigated, 3 x 10~ in. to 1.8 x 10-* in. Also 
determined and included with these data are the fatigue properties 
of pure cast silver to simulate the infinitely thick joint. 

Relationships between the appearance of the fracture surfaces 
and the mechanical properties are drawn, where possible. 


Creep-Rupture Properties of Alloys Near the Melt- 
ing Temperature: M. Korchynsky, Union Carbide 
Metals Co. 


The creep-rupture properties of fifteen representative iron-, 
nickel-, and cobalt-base alloys were determined on resistance 
heated specimens at 0.8 to 0.99 of their homologous temperature, 
i.e. in the temperature range from approximately 1150 to 1400°C. 
Stress levels (between 500 and 11,00 psi) were selected in such a 
way as to produce rupture times from 0.5 to 60 min. The creep- 
rupture characteristics of the alloys were appraised in terms of 1- 
and 10- min rupture times, and minimum creep rate of 10-* and 10 
in. per in. per sec as a function of absolute or homologous tempera- 
tures. Based on these results, the effect of the metallurgical factors, 
such as crystal structure, composition, melting temperature, and 
microstructure have been evaluated. 

Statistical analysis of the data provides an excellent correlation 
of minimum creep rate (é) or rupture time (tr) as a function of 
stress (¢) and temperature (T) by means of equations having the 
following general form: 

In é(or intr) = a+c/T + b(T) ne 
where b(T) is a temperature dependent parameter, and a and c are 
constants. For all FCC alloys investigated, the absolute values of 
the parameters a and c were found to be interrelated by the same 
linear relationship: 
a=ac+ 

The demonstrated practical consequences of these correlations 
are: a) validity of extrapolation beyond the rupture times employed 
in this investigation, b) possibility to secure complete creep charac- 
teristics of an alloy from a few critical tests involving an incre- 
mental change in temperature or stress, and c) a novel method of 
graphical determination of creep-rupture properties of alloys. 

Finally, a tentative working hypothesis is presented to interpret 
the observed phenomenological relationships in terms of the two 
parameters (D. and Q) which characterize the temperature de- 
pendence of the diffusion coefficient D = Do exp. —Q/RT. 


High Temperature Fatigue in Air and in Vacuum: 
G. J. Danek, Jr. and M. R. Achter, U. S. Naval 
Research Lab. 


Low frequency, reverse bending fatigue tests at 1500°F were 
performed on nickei and Type 316 stainless steel in air and in a 
vacuum of 1 x 10 mm Hg using specially designed equipment, 
previously described, and subsequently improved by the addition 
of a servomechanism control system. Results are qualitively sim- 
ilar to previous work on environmental effects in creep-rupture in 
which it was found that metals tend to be stronger in vacuum at 
high stresses but stronger in air at low stresses. At high strain am- 
plitudes, the fatigue life of nickel is almost ten times longer in 
vacuum than in air while the difference for the stainless steel is 
approximately a factor of fifty. Although the amplitude-life curves 
for nickel exhibit a definite crossing as air strengthening becomes 
effective at low strains, a similar reversal for the stainless steel is 
indicated only by extrapolation to very long time. In air, but not 
in vacuum, the resonant frequency of nickel specimens at low 
strain is observed to increase during the test. 
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These results may be explained by the mechanism proposed for 
creep-rupture in which two competing processes are considered to 
be acting. Oxidation strengthens a metal while surface adsorption 
weakens it. The absence of a reversal for the stainless steel and 
the greater reduction of strength in air may be attributed to its 
superior oxidation resistance in comparison to nickel. Environ- 
mental effects in creep-rupture and fatigue are compared and con- 
trasted in terms of this mechanism. 


Crack Propagation in Air and in Vacuum: R. J. 
Sherman and M. R. Achter, U. S. Naval Research 
Lab. 


Previous studies of creep-rupture have demonstrated a reversal 
in the atmosphere effect which was attributed to the influence of 
environment on crack propagation. An investigation has been per- 
formed of the rate of crack propagation of nickel and a nickel- 
chromium-aluminum alloy in air and in a vacuum of 2 x 10mm 
Hg. At 1200°F and a high stress, where the rupture life of nickel 
is longer in vacuum, it was found that, in air, the creep rate and 
rate of propagation of surface cracks were accelerated at approxi- 
mately the same time and that the greater creep rate in air, com- 
pared to vacuum, could be accounted for by the depth of the 
cracks. At a lower stress, however, where the rupture life was 
shorter in vacuum, crack propagation was still faster in air. For- 
mation of interior voids and cracks at grain boundaries was also 
more pronounced in air at both stresses. These results may be ex- 
plained by a previously proposed mechanism involving two com- 
peting processes, oxidation strengthening and reduction of strength 
by surface adsorption. 

Behavior of the relatively brittle alloy, tested at an air-weakened 
stress at 1300°F, was somewhat different from the ductile nickel in 
that cracks, although more pronounced in air, appeared at a later 
stage of the test and did not appear to be present to a sufficient 
extent to account for the accelerated creep rate. The possible role 
of environment-induced microstructural alterations in influencing 
creep rate is discussed. 


On the Damping and Fatigue Properties of High 
Purity Aluminum: L. J. Demer, University of 
Arizona 


Many basic studies of the fatigue process in metals have been 
performed under constant strain amplitude conditions. However, 
since plastic strain results from application of stress, this study was 
planned to control amplitude of cyclic stress imposed rather than 
amplitude of resulting cyclic strain. Polycrystalline, high purity 
aluminum was selected as the test material. 

The testing machine used to impose reversed, direct, tension-com- 
pression stress was equipped with provision for maintaining cycles 
of constant stress amplitude from the first cycle, despite radical 
changes in stiffness properties of the specimen. Stress-strain 
hysteresis loops were recorded graphically during the initial 
cycles and at logarithmically spaced intervals throughout the 
fatigue test on each specimen. Damping measurements were ex- 
tended down to very low stress amplitudes by means of a flexural 
vibration decay apparatus. 

Material behavior was studied over a wide stress range, i.e., from 
20 to 150 pct of the fatigue strength at 10* cycles, determined as 
+ 2000 psi. Final fatigue fractures were intergranular, a result of 
the low test frequency and 100°F. test temperature. 

Various features of the damping behavior were determined. 
These include location of the cyclic stress sensitivity limit, 
characteristic patterns in damping energy as a function of number 
of cycles imposed, shift in level and features of these curves as a 
function of amplitude of cyclic stress, and damping changes upon 
approaching failure. 

The relationship obtained between damping energy and stress 
amplitude may be divided into three ranges in which damping 
energy varies as different powers of the stress amplitude: I, 2.0; 
II, 2.4; and III, as high as 7.5. Stress amplitudes dividing these 
ranges occur at approximately 1 and 10 pct of the fatigue strength 
at 10* cycles. The cyclic stress sensitivity limit for damping occurs 
at the end of range II. 

The general shape of the damping-stress relationship obtained 
is similar to that for energy dissipation in the Kc frequency range 
on the same material determined by Mason in 1956. The magnitude 
of damping energy, however, is from one to two orders of magni- 
tude greater than that for the higher frequency tests. 


A Metallographic Study of Fatigue in High Purity 
Aluminum: L. J. Demer, University of Arizona 


This investigation was undertaken to determine the surface 
metallographic changes occurring during the course of controlled 
stress amplitude fatigue tests on high purity aluminum as a func- 
tion of stress amplitude and number of stress cycles. A reversed, 


26 


SEPTEMBER 1959, JOURNAL OF METALS—579 


— 
ra 
f 
= 
\ 
1) 
| 
| 


direct, tension-compression fatigue machine, equipped with pro- 
vision for maintaining constant stress amplitude, was employed. 
The fatigue tests covered a stress amplitude range of 20 to 150 pct 
of the fatigue strength at 10° cycles, + 2000 psi. 

Metallographic observations on the electrolytically polished 
fatigue specimen surface were made with the specimen mounted in 
the fatigue machine. Photomicrographs were taken of a test sec- 
tion element on a cylindrically shaped specimen test section both 
before and after a fatigue test, and of a number of selected areas 
on the element before and after the first half cycle, after the first 
and second cycles, and at close, logarithmically spaced cycle in- 
tervals throughout a fatigue test. Additional micrographs were made 
of various areas after each test both by optical means and also 
with an electron microscope to disclose characteristic effects. The 
behavior was followed at ten different stress amplitude levels. 

At stress amplitude levels above + 800 psi., coarse slip bands 
formed in some grains on first loading. The stress amplitude deter- 
mined the spacing of the bands. After a period of additional re- 
versed stressing, the bands increased in width, presumable by fine 
slip. Occasionally, adjacent bands grew in width until they touched, 
but the original coarse band center-to-center spacing was main- 
tained. Some grains in which no coarse slip bands developed on 
first loading subsequently developed a rumpled appearance in tests 
at the higher stress levels. 

Slip band broadening tended to occur later in the fatigue test for 
specimens run at the lower stress amplitude levels. On some 
specimens, coarse slip bands present at the end of the first cycle 
remained without widening for over one million cycles of stress. 
On specimens te: red at stress amplitude levels below approximately 
35 pct of the long-life fatigue strength, at no time did coarse slip 
bands develop in any of the grains observed. 

It is important c note that under the constant stress amplitude 
conditions imposed, there was no incubation period observed for 
first appearance of coarse slip bands. They were either present 
at the end of the first half cycle in a given grain or, depending on 
orientation and stress amplitude level, they did not form during 
the remainder of the fatigue test. This observation is at variance 
with the results of other fatigue studies performed under conditions 
of constant strain amplitude. In those tests curves for first slip 
curving upward with the S-N fracture curve have been reported. 


2:00 to 5:00 pm, Embassy Room 


Thermodynamic and Physical Properties 


(Session Based on Submission of 
Research Abstracts) 


Chairmen: L. R. Kelman, Argonne National Lab., and 
E. S. Greiner, Bell Telephone Labs. 


Close-Packed Ordered Structures in Binary AB, 
Alloys of Transition Elements: A. E. Dwight, 
Argonne National Lab., and P. A. Beck, University 


of Illinois 


Close packed ordered structures in binary alloys of transition 
elements at the composition AB, are predominantly of the AuCus, 
TiINly and MgCds types. All three of these structures may be de- 
scribed in terms of different stacking of the same close packed 
ordered layers. Such structures were known to form in binary 
alloys of Ti-, V-, and Cr-group elements with Co- and Ni-group 
elements, although several of the likely combinations have not 
been previously reported. In the present work a search was 
made for ordered phases of AB; composition in various combina- 
tions of Ti- and V-group elements with Co and Ni-group ele- 
ments. Three new TiNis-type phases ZrPds, HfPds and HfPts 
were found. In addition, twelve new CusAu-type phases TiRHs, 
Tilrs, ZrRhs, Zrirs, HfRhs, HfIrs, VRhs, Virs, CbRhs, Cbirs 
TaRhs and Talrs were also found. The lattice parameter ad) was 
accurately measured for the 6 newly discovered phases, and the 
lattice contraction was calculated. For TiNis-type phases, lattice 
contraction is 2(Ra + Ru)-de; for AuCus-type phases, it is \/2 
(Ry + Re) -ao. Rather large lattice contractions in TiNis-type phases 
are accompanied by c/a ratios very close to the ideal value for 
spherical close packing, namely 1.63. The lattice contractions for 
the AuCus-type phases are relatively small. The apparent connec- 
tion of the occurrence of these phases with the electronic structure 
of the component elements is further strengthened by the new 


results. 
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Crystal Structure of MoNi,: Shozo Saito and P. A. 
Beck, University of Illinois. 


The crystal structure of MoNis was determined by means of 
X-ray diffraction. This structure is isotype with that of ordered 
TiCus. The lattice parameters are: a = 5.064A, bo = 4.224A, co = 
4.448A and zr 0.157. If the orthorhombic distortion (‘slight rela- 
tive to the corresponding orthohexagonal unit cell) is disregarded, 
the structure may be described in terms of a close-packed ordered 
atomic layer, stacked in the sequence: abab. The structures of or- 
dered TiCus and TiAls are homotectic. 


Application of Gibbs-Duhem Equations to Ternary 
and Multi-Component Systems: N. A. Gokcen, 
University of Pennsylvania. 


Solid state transformation temperatures and resulting structures 
are detailed for alloys of uranium with certain fission-product 
elements that will not be removed by pyrometallurgical refining. 
These elements, the aggregate of which is called fissium (Fs) are: 
Zr, Cb, Mo, Tc, Ru, Rh and Pd. The date reported here were ob- 
tained in a study of a series of alloys in which all of the afore- 
mentioned alloying elements except Tc are present and, with one 
exception, all remain in essentially constant ratios with respect 
to each other. 

The phase relations can be related to those in the dominant 
U-Ru-Mo ternary system. In all of the alloys, the uranium gamma 
phase is stabilized down to 552°C where its decomposition is ap~- 
parently eutectoidal. The uranium beta phase occurs in the alloy 
with the lowest fissium content, but is entirely suppressed at high 
fissium levels. Lattice parameter data are given for gamma and 
beta phases, both of which can be retained at room temperature 
by quenching. 

Three minor phases are found to occur: 1. A phase that is iso- 
structural with U>.Ru. A phase that is isostructural with the 
uranium-molybdenum delta phase. 3. A CsCl-type phase, ZrRu, that 
occurs in identifiable concentration in an alloy with extra Zr. 


Mg-Fe System: A. S. Yue, The Dow Chemical Co. 


The phase relationship between magnesium and iron has been 
studied by the zone-melting and directional freezing techniques. 
The objective of this research was to determine the magnesium- 
iron eutectic, the maximum solid solubility of iron in magnesium 
and the effect of freezing rate on the effective distribution coeffi- 
cient for iron in magnesium. High-purity magnesium-iron alloys 
containing 0.0016, 0.0020, 0.0040, 0.0070 and 0.031 wt pct Fe were 
used for this investigation. 

The segregation data obtained indicate an eutectic reaction in the 
magnesium-rich end of the Mg-Fe system with an eutectic compo- 
sition containing 0.0060 +0.0003 wt pct Fe. 

The solid solubility of iron in magnesium has not been system- 
atically investigated previously but all evidence indicates that it 
must be very small. The use of the controlled solute diffusion in the 
liquid adjacent to the moving solid-liquid interface has proven to 
be a powerful tool for the determination of maximum terminal solid 
solubility, particularly in systems possessing limited solid solubility. 
The maximum solid solubility of iron in magnesium was deter- 
mined experimentally to be 0.0010 +0.0001 wt pct. A minimum 
value of the effective distribution coefficient k, for iron was 
found by extrapolation to be 0.17. Using k = 0.17 and Ce = 
0.0060 wt pct Fe where Ce is the eutectic composition, the maxi- 
mum solid solubility of iron, Cm, can be calculated by the well- 
known relation Cm = kCe = 0.0010. The calculated value is in ex- 
cellent agreement with that determined experimentally. 


Uranium-Molybdenum Phase Diagram Below 900°: 
A. E. Dwight, Argonne National Lab. 


The U-Mo equilibrium diagram was investigated up to 27 wt pct 
Mo and below 900°C, with emphasis on the high uranium end. The 
lattice parameter of the gamma phase was measured at room tem- 
perature after quenching, and found to obey the relation a» (A) 
= 3.481-.00314 at. pct Mo. The 4/y + Mo line at 900° was shown 
to be 35.4 at. pect Mo by the intersection of two lattice parameter 


The 8 + ¥ field was investigated by metallographic examination 
of isothermally transformed and quenched alloys and found to 
extend to 4.7 wt pct Mo. The § field extends to 0.5 wt pct Mo 
and decomposed eutectoidally at 639 + 5°C to a + y. Lattice para- 
meters of the 8 phase, retained to room temperature, were deter- 
mined. 

The a + vy/y line was determined by the lattice parameter 
method and by metallographic brackets. In alloys containing be- 
tween 5 and 8 wt pct Mo a lamellar a + ¥ structure was obtained 
by isothermal transformation of specimens 20° or more below the 
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7 + a@/y line. As the transformation temperatures were above the 
temperature for eutectoidal decomposition of +, the lamellar struc- 
ture results from a rejection of a platelets from the 7 matrix. The 
vy =a + 6 eutectoid was located at 565 + 5° and 11.0 + 0.5 wt 
pet Mo. 

The crystal structure and lattice parameters of the 6 phase in an 
alloy of 16 wt pct Mo (on the uranium-rich side) were found to 
be tetragonal, of the MoSig type, with c = 9.854 A, a = 3.427 A 
and c/a = 2.876. 

The 6 phase is probably formed by a congruent transformation 
from the y phase, as the Mo content of the 7 phase was found to 
be too high to be consistent with a peritectoid transformation. 


Transformation Temperatures and Structures in 
Uranium-Fissium Alloys: S. T. Zegler and M. V. 
Nevitt, Argonne National Lab. 


It has been shown that Wagner’s and Schuhmann’s equations for 
the calculation of partial molar properties from the data on a par- 
tial molar property of one component in ternary systems, may be 
rederived in a systematic and concise manner either from the 
Gibbs Free energy function or the Gibbs-Duhem relation. It has 
been clarified that their methods consist of the integration of the 
same cross-differential along the same composition path. In addition, 
pertinent general equations and procedure, not limited to ternary 
systems but applicable to any multicomponent system, have been 
derived. 


Precision Lattice Parameter Determinations of Zir- 
conium-Oxygen Solid Solutions: B. D. Lichter, 
U. S. Air Force. 


The lattice parameters of zirconium and zirconium-oxygen solid 
solutions (HCP) were determined from measurements of back- 
refiection X-ray photograms obtained at 29°C using a symmetrical 
focussing camera. The following linear equations between para- 
meters in angstrom units (c,a) and atom ratio of oxygen to zir- 
conium (m) were obtained. 

ce = 5.14764 + 0.2077m 

a = 3.23168 + 0.1099m 
The linear equations given are valid over the range 0 to 5 at. pct 
oxygen. 

Calculations were programmed for digital computer solution 
using the Cohen analytical extrapolation as modified by Hess. Al- 
though this procedure eliminates or minimizes errors from a num- 
ber of sources, several precautions were employed to improve the 
quality of diffraction photograms obtained from large-grained poly- 
crystalline specimens. In particular, the temperature of the camera 
and the specimens was controlled during exposures, and attempts 
were made to minimize non-uniform shrinkage of photograms dur- 
ing drying. A modification of the technique of Graf and Monteil 
was used to eliminate effects due to diffraction from large-grained, 
polycrystalline specimens. 

The accuracy of individual parameter measurements approaches 
the limiting accuracy determined by the spectral broadening of 
the incident characteristic radiation, and exceeds the accuracy of 
previously reported values. 


Lattice Expansion of Rhenium and Titanium: J. I. 
Medoff and I. Cadoff, New York University. 


A study of the lattice expansion of rhenium and alpha-titanium 
was undertaken as part of a broad investigation of the anisotropy 
of thermal dilation in high-purity HCP metals. The lattice spacings 
for these two metals were determined from high-temperature X-ray 
diffraction data. The data were obtained for a series of tempera- 
tures up to approximately 1000°C, in vacuo, using a 19-cm high- 
temperature Debye-Scherrer camera and an optical-lever dilato- 
meter. Linear thermal expansion coefficients were calculatd from 
the axial lattice expansions and from the bulk expansion of a 
rhenium polycrystal rod. 

The lattice spacing study of high-purity rhenium powder up to 
1000°C indicates the c-axis expansion to be almost linear over the 
range studied and shows a decreasing c/a ratio with increasing 
temperature. The lattice expansion can be described by the fol- 
lowing expressions: 

@t = (1 + 7.284 (t-25)x10-*— 12.48 (t-25) 2x 10-1) 
ct = co (1 + 5.391 (t-25) x10-*— 3.825 (t-25) 2x10-™) 

No prior results have been published on the high temperature 
lattice constants of rhenium, although Agte et al reported linear 
thermal expansion coefficients from X-ray measurements at room 
temperature and at 1917°C, the c-axis coefficient being 2.6x larger 


than the a-axis coefficient. Our results do not indicate such decided 
anisotropy; by contrast, we find the a-axis coefficient to be larger 
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than the c-axis coefficient, thereby resulting in a decreasing c/a 
ratio with increasing temperature. 

Careful separation of the high-purity iodide titanium wire 
specimens from the contaminating environment permitted signi- 
ficant results up to 760°C, extending the range reported by Berry 
and Raynor. The lattice expansion can be described by the fol- 
lowing expressions derived from a least—squares reduction of the 
data: 

a = (1 + 9.928 (t-25) x10-*— 0.626 (t-25) 2x10) 


Cte = Co (1 + 11.079 (t-25) x10-* + 9.698 (t-25) 2x 10-1) 


The c/a ratio increases with increasing temperature, the c-axis 
expansion being greater than the a-axis expansion. The previously 
reported data show an appreciably larger value for the c-axis ex- 
pansion but the work of Clark and Cadoff and Nielsen on the 
preferential increase in the c-spacing by interstitial suggest that 
this may be attributed to interstitial contamination. 


Propagation of Sound in Liquid Alloys, the Mercury- 
Thallium System: Gerald Abowitz and R. B. 
Gordon, Yale University. 


Precise velocity of sound measurements, utilizing an ultrasonic 
pulse technique, have been made for liquid Hg-Tl alloys as a 
function of temperature and composition from 0 to 40 at. pct 
thallium. Particular attention has been paid to alloys in the 
vicinity of 28.6 and 40.0 at. pct Tl, compositions corresponding to 
the intermetallic phase HgsTl, and a eutectic composition respec- 
tively. A plot of the velocity at a constant temperature of 20°C vs 
composition is a smooth curve with a positive deviation from 
linearity. The adiabatic compressibilities calculated from the vel- 
ocity data and the measured densities of the alloys show the then 
expected negative deviation. 

The sonic velocity shows a very accurate linear decrease with 
increasing temperature in all of the alloys investigated, even in 
those it was possible to extend the measurements down to the 
liquidus temperature, and the temperature coefficient of the vel- 
ocity decreases rapidly as the Tl concentration is increased. The 
coefficient of thermal expansion of each alloy was measured by 
observing the rise of liquid from a reservoir into a small bore 
glass tube. It is found that the expansion coefficient is independent 
of temperature for each alloy but that its dependence on com- 
position is not smooth. The interpretation of the results will be 
discussed. 


Influence of Lattice Defects on the Transition from 
the Superconducting to the Normal State of Tan- 
talum: D. P. Seraphim, W. B. Ittner, and D. T. 
Novick, International Business Machines Corp. 


Local superconducting regions occupying a small fraction of the 
volume of tantalum wire specimens are found above the critical 
field (H.) for bulk superconductivity. The presence of these re- 
gions is investigated by the field dependence of the transition from 
the superconducting to the normal state measured by resistance 
techniques. These local regions appear almost continuous along the 
length of the specimens, since in some cases only 10~ or less of 
the normal state resistance appears at H.. Substantially higher fields 
are necessary to return the material to the normal state. Pure 
tantalum specimens (9 = 1.36 x 10“ 4 Q cm) doped with 
nitrogen, oxygen and hydrogen show this effect and are sensitive 
to thermal treatment in the range of 200°C. The nature of defects 
responsible for the presence of superconducting regions above the 
critical field will be discussed. 


Superconducting Properties of Dilute Interstitial 
Alloys of Tantalum with Hydrogen, Nitrogen, and 
Oxygen: D. T. Novick, J. I. Budnick, D. P. Sera- 
phim, International Business Machines Corp. 


Wires of high purity tantalum (p42 = 1.36 x 10% yw 2 — em) 
were doped at high temperatures with hydrogen, nitrogen, and 
oxygen. The superconducting properties of these dilute interstitial 
alloys (less than 0.15 at. pct) were studied between 4.2 and 4.5°K. 
The slopes of the critical field plots near the critical temperature 
(T-) are — 330 + 5 oersteds per °“K. The depression T. is nearly 
proportional to the residual resistivity and is, more or less, in- 
dependent of the solute as in the work of Serin with dilute sub- 
stitutional alloys. The value of § T./ip, approximately 0.2°K/z 
— @ — em for interstitial solutes in tantalum, agrees with the 
values of (6 T-/5p) for substitutional solutes in aluminum, indium, 
and tin. These data further substantiate the suggestion and ex- 
periments of Serin et al, that a mean free path effect may be op- 
erative in depressing T. in the dilute impurity range. 
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9:00 am to 12:00 m, Ballroom 
Symposium on Mechanical Properties of Non-Metals 


(Sponsored by IMD Chemistry and Physics 
of Metals Committee) 


Chairman: R. S. Davis, Arthur D. Little, Inc. 


Mechanical Properties of Covalent Crystals: J. N. 
Hobstetter, University of Pennsylvania. 

Mechanical Properties of Polymeric Materials: T. G. 
Fox, Mellon Institute. 

Mechanical Properties of Ionic Crystals: J. J. Gil- 
man, General Electric Co. 


9:00 am to 12:00 m, Constitution Room 


Symposium—Titanium vs. Steel 
(Sponsored by IMD Titanium Committee) 


Chairman: W. J. Harris, Jr., Materials Advisory 
Board, National Academy of Sciences. 


Introduction: W. J. Harris, Jr., Materials Advisory 
Board, National Academy of Sciences. 


The General Case 
Titanium: W. W. Minkler, Titanium Metals Corp. 


Steel: R. B. Gunia, United States Steel Corp. 


Airframes 
Titanium: E. A. Simkovich, Republic Aviation 


Corp. 
Steel: E. A. Green, Lockheed Aircraft Corp. 


Jet Engines 
Titanium: G. J. Wile, General Electric Co. 
Steel: Ralph Patsfall, General Electric Co. 


9:00 am to 12:00 m, Cotillion Room 


Recent Advances in Steelmaking 
(Sponsored by Iron and Steel Division) 


Program to be announced. 


9:00 am to 12:00 m, Embassy Room 


Symposium on Preparation, Purification, and 
Properties of Refractory Metals 


(Sponsored Jointly by EMD High-Temperature 
Materials Committee and IMD Refractory 
Metals Committee) 

Chairmen: L. W. Coffer, Battelle Memorial Institute, 
and R. G. Jones, Wah Chang Corp. 

Tin Reduction of Molybdenite: A. D. Abraham, 
Charles Kray, Oregon Metallurgical Corp., and 
H. G. Poole, Colorado School of Mines. 

The problem of scaling-up © laboratory operation for the pro- 


duction of low carbon, low oxygen molybdenum metal to semi- 
pilot plant dimensions has been successfully accomplished. A fur- 
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nace has been designed, gas circulation and purification system in- 
stalled, for the desulfurization of high-purity molybdenum with 
metallic tin as disclosed by the Nachtmau-Poole patents. 

The reaction is endothermic at 1250°C requiring 15,890 btu per 
Ib mol of gaseous stannous sulfide. Two-thirds of a lb mol of mo- 
lybdenum metal are produced for each lb mol of tin sulfide 
vaporized. 

The reduction can be performed in vacuum, in a flowing inert 
gas system, or in a flowing hydrogen system. The latter gas is de- 
sirable because of its high heat transfer ability. Although some 
hydrogen sulfide is produced, the function of the hydrogen is 
primarily as a carrier gas and the gas consumption pr lb mol of 
metal is low. The desulfurization rate by metallic tin is at least 
ten times the rate by hydrogen at the reaction temperature. 

An internally heated retort is employed for the desulfurization 
reaction. Since the retort wall is not required to be thermally 
conductive, greatly increased thermal efficiences are obtained with 
this furnace. Furthermore, the system lends itself to atmospheric 
control for either vacuum or pressure operations. 

The molybdenum metal produced by the dissociation of the 
sulfide is amenable to compacting, sintering, and arc melting. How- 
ever, the grain size of the metal powder is uniformly small and 
could probably be adapted to powder metallurgical processes. 


Molybdenum by Direct Thermal Dissociation of 
Molybdenum Disulfide: W. G. Scholz, D. V. Doane, 
and G. A. Timmons, Climax Molybdenum Co. of 
Michigan. 


Molybdenum of high purity can be produced by direct dissocia- 
tion of commercial molybdenum disulfide in vacuo at 1600-1700°C. 
The product is lower in oxygen than commercially available molyb- 
denum powder. Analyses of ingots arc-cast from commercial molyb- 
denum powder hydrogen reduced from ammonium molybdate and 
from thermally dissociated molybdenum disulfide indicate that the 
levels of chemical impurities in these ingots are essentially similar. 
Equipment now in operation will produce 100-lb batches of powder 
product. The paper describes development of processing equip- 
ment, control of processing variables, handling of the product, and 
evaluation of the molybdenum as the powder, as the arc-cast 
ingot, and as wrought sheet and bar. 


Tantalum Metal by Seiective Solution: R. L. Baugh- 
man and D. F. Taylor, Fansteel Metallurgical Corp. 

Cc reial potassi fluotantalate is reduced with molten 
aluminum to produce the intermetallic compound AlTa. The 
aluminum is removed from this compound with molten copper. 
The resulting tantalum powder is mixed with copper and, by pow- 
der metallurgy, made to good quality bars, sheet, and foil. 
Production and Purification of High-Purity Hafnium 

Metal: D. S. Fairgrieve and J. W. Fortner, Wah 

Chang Corp. 

Fused salt purification prior to Kroll reduction of hafnium tetra- 
chloride reduces metallic impurity levels in the hafnium sponge, 
but does not reduce oxygen to a level suitable for direct arc- 
melting of ingot. Fused salt purification coupled with electron- 
beam melting presents a new method of producing quality ingot 
with an improved overall yield. 


2:00 to 5:00 pm, Ballroom 


Properties of Non-Metals 
(Sponsored by the IMD Chemistry and Physics of 
Metals Committee, Based Upon Submission of 
Abstracts) 


Chairmen: A. S. Nowick, International Business 
Machines Corp., and S. S. Brenner, 
General Electric Co. 


Dislocation Multiplication in LiF Crystals: W. G. 
Johnston and J. J. Gilman, General Electric Co. 


Observations will be presented of dislocation multiplication, 
structure left by a moving dislocation, and cross-glide of individual 
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dislocations. A multiplication mechanism will be proposed. 

Some observations are: New loops can form in the wake of a 
moving dislocation, and the rate of formation of new loop increases 
with stress. The loops have the same Burgers vector as the parent 
dislocation, and form under either sign of stress. Wide glide bands 
form, so all new dislocations cannot be on the same plane. A 
moving screw dislocation leaves behind it trails of linear defects 
that etch like dislocations, except that the etching is often discon- 
tinuous. These trails do not move as do normal dislocations at 
moderate stresses. Cross glide of screw dislocations can be ob- 
served where they intersect the surface. The motion is always 
towards the acute angle, as if line tension were the driving force. 

In the proposed multiplication mechanism, jogs are formed on 
screw dislocations by cross-glide. The smaller jogs move with the 
dislocation, leaving behind point defects. Larger jogs are immobile 
and remain connected to the moving dislocation by pairs of closely 
spaced dislocations which cannot by-pass one another at low 
stresses. These dislocation pairs form the trials left by the moving 
dislocation. Subsequent application of higher stress causes the 
more widely spaced pairs to by-pass and form new loops. The mul- 
tiplication rate increases with stress because more closely spaced 
pairs can be separated at higher stresses. The discontinuous trails 
result if the moving dislocation is not a straight pure screw 
dislocation. 

With very large jogs multiplication would follow continuously 
from cross-glide, as originally proposed by Koehler. The inter- 
mediate step observed in LiF, involving the stalemate of pairs of 
connecting dislocations, will occur only with jogs shorter than 
several hundred angstroms. A cross-glide multiplication mechanism, 
either as described here or as proposed by Koehler, probably 
operates in many ionic crystals (such as MgO and NaCl) where 
continually widening glide bands form during deformation. 


Dislocations in Indented Magnesium Oxide Crystals: 
A. S. Keh, United States Steel Corp. 


Rosette patterns of dislocations have been observed by other in- 
vestigators in several types of ionic crystals when the crystal sur- 
face was brought in contact with hard particles. In this investiga- 
tion such patterns produced by hardness indentation on magnesium 
oxide crystals were studied in detail. A ball indentor was used in 
most part for this work. By examining the etch pits on the in- 
dented surface, on the chemically polished sub-surface, and on the 
surface perpendicular to the indentation, the three dimensional 
arrangement of dislocation loops associated with such patterns can 
be resolved. When an indented crystal was stressed, the loops 
moved in the predicted manner. Edge components moved much 
faster than screw components on the crystal surface. Generation 
of new dislocation half loops between two wings of screw disloca- 
tions were observed when the previously indented crystals was 
stressed suddenly. 

The effect of annealing on the rosette pattern was also studied. 
First-stage recovery processes, including the thermally induced 
gliding of edge dislocations, dispersion of screw dislocations from 
original slip planes and some dislocation climb of edge components 
were observed at 1450°C. Pinning of dislocations in crystals an- 
nealed at lower temperature was also studied. 

When pyramid or conical indentors were used, cracks were pro- 
duced on the {110} type planes of the crystal. This type of crack is 
believed to be due to the piling up of dislocations on two intersect- 
ing slip planes that make 120° angles to each other. 


Dislocation Arrangements in Sodium Chloride Single 
Crystals: C. L. Bauer and R. B. Gordon, Yale 
University 


An experimental study has been made of the effect of deforma- 
tion on the dislocation arrangements in sodium chloride single 
crystals. Internal friction and elastic modulus measurements were 
made as a function of strain amplitude at a frequency of 89.7 
ke. With the aid of a theory of dislocation damping proposed by 
Granato and Liicke in 1956, the density of dislocations, the dis 
tance between impurity pinning points, and the distance between 
intersections in the dislocation network were calculated. Using 
a method developed by Gordon and Nowick, an independent check 
was made of the same quantities by measuring the change in elastic 
modulus of the sodium chloride specimen as a function of X- 
irradiation dose. 

The dislocation densities measured from etch pits agree within 
a factor of two with those calculated from both the above theories, 
except for very small deformations. As the deformation is in- 
creased from 0.6 to 3.3 pct in compression the dislocation densities 
are found to increase from 2.3x10* to 1.6x10° cm-*. The length 
of a dislocation segment determined by impurity pinning points 
are of the order of 2x10-* cm for all deformations. Likewise, the 
distance between network pinning points are about 4xl10-* cm. 
Values of the damping constant of a moving dislocation and the 
number of F-centers created per pinning point during X-irradiation 
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are also calculated from theory. In addition, the maximum dis- 
placement of a dislocation loop and the maximum force exerted by 
a dislocation on a pinning point are found. The results indicate 
that the theories tested give a good representation of dislocation 
damping phenomena in rock salt. 


NaCl Embrittlement by Surface Compound Forma- 
tion: W. Class, E. S. Machlin, and G. T. Murray, 
Materials Research Corp. 


A surface compound formed on NaCl in the presence of air and 
ozone, has been identified by chemical procedures to be NaCl0s. It is 
believed that this compound is responsible for air embrittlement of 
NaCl, although other compounds may form in special environments 
and also lead to embrittlement. The rate of embrittlement is found 
to be much faster in ozone than in air. On certain days air em- 
brittlement is almost non-existant whereas on other days the air 
embrittlement is enhanced. Humidity variations cannot account 
for the results. 

An applied de potential is capable of ductility restoration subse- 
quent to compound ichlorate) embrittlement, perhaps through 
electrolysis of the compound. In connection with these studies 
other voltage effects have been observed. It was possible at room 
temperature to move ferrous ions from one face to a bent crystal 
along the dislocations to the opposite face by the application of a 
de potential. 


Effect of Grain Size on the Deformation of Polycrys- 
talline Silver Chloride at Various Temperatures: 
R. D. Carnahan, T. L. Johnston, R. J. Stokes, and 
C. H. Li, Minneapolis-Honeywell Regulator Co. 


Polycrystalline specimens having grain sizes from 0.038 to 1.6 
mm were prepared from extrusions of melted CP grade silver 
chloride using various deformation and annealing cycles. The 
specimens were tested in tension at temperatures of 26°C, 72°C, 
and 196°C at a constant strain rate of 0.006 per minute. 

At 26°C and 72°C the true stress—true strain curve is in- 
dependent of grain size for small plastic strains; only at larger 
strains does the flow stress increase with a decrease in grain size. 
These results can be appreciated more clearly by plotting log 
stress vs. log strain. For each curve two strain hardening exponents, 
m and me: (where o = Ae™, o = stress, ¢€ = strain) can then be 
distinguished. A decrease in grain size serves only to increase the 
strain at which the change in strain hardening exponent takes 
place; the values of m; and m: (where m; > mg) remains essentially 
constant. 

In contrast, at —196°C the true stress—true strain curves depend 
strongly upon the grain size for all strains. At this temperature 
log stress vs log strain plots do not reveal any singular values of 
the strain hardening exponent. 

These observations will be discussed in relation to the micro- 
scopic appearance of the slip bands at the various temperatures. 


Kinetics of Sintering of Sodium Chloride in the Pres- 
ence of an Inert Gas: J. B. Moser and D. H. Whit- 
more, Northwestern University. 


Direct observations of interfacial growth and the approach of 
centers between spheres of sodium chloride were made in an 
argon atmosphere and over a temperature range of 700 to 800°C. 
The rate law governing the increase of the contact area between 
spheres, the effect of changing size scale on this rate and the 
absence of a change in the center-to-center during sintering all 
indicate that the rate-determining mechanism of material trans- 
port in this sintering process is evaporation-condensation. A model 
is presented which considers Stefan flow to occur within a thin 
boundary layer in the gaseous phase adjacent to the condensing 
surface, the sintering rate being predominantly governed by the 
rate at which sodium chloride vapor diffuses through this bound- 
ary layer. The marked pressure-dependence of the empirical re- 
lationship between contact area and sintering time for fixed tem- 
perature and sphere size is consistent with the proposed model. 


Preparation and Electrical Resistivity of Boron and 
Some Boron-Phosphorus Alloys: E. S. Greiner, 
Bell Telephone Labs. 

Electrical Resistivity of Boron and Boron-Phosphorus Alloys: 

Boron and boron-phosphorus alloys were prepared by the reduction 


of boron trichloride, or boron trichloride and phosphorus trichlo- 
ride, with hydrogen on hot tungsten or tantalum wires. Most of the 
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specimens tested contained not more than ~0.1 pct Si and <0.005 
pet of a few other elements. 

Boron is a semiconductor. The electrical resistivity is about 0.1 
ohm-cm at 700°C, 10° ohm-cm at 30°C and 10" ohm-cm at 160°C. 
Intrinsic conduction begins at about 200°C. The energy gap is 
1.39 + 0.05 ev at 0°K. 

Electrical resistivity tests on boron-phosphorus alloys containing 
0.0007, 0.080 and 14.7 at. pet P, respectively, showed that phos- 
phorus decreases the resistivity in the extrinsic conductivity range. 

Zone Meiting of Boron: Pressed powder compacts of boron have 
been melted by the floating zone technique. The compacts were 
initially bonded with boric acid. The boric acid was at least par- 
tially decomposed by heating to 300°C. Subsequently, heating to 
600°C completely decomposed the boric acid to boron trioxide, 
which formed a liquid coating on the particles and after cooling 
strongly bonded the compact. One end of the compact was fitted 
into a graphite cup, which was used to heat the adjacent boron 
to a temperature suitable for inductive coupling within the float- 
ing zone apparatus. A liquid zone was passed from the top to the 
bottom of the compact in an atmosphere of argon. The boron triox- 
ide evaporated before the temperature reached the melting point 
of boron, ~2000°C 

The zone melted boron consisted of large crystals, many of which 
were twinned. The structure, described by D. E. Sands and J. L. 
Hoard, was rhombohedral with 107 or 108 atoms within the unit 
cell. 


Diffusion of Lead in Single Crystals of Lead 
Selenide: Martin Seltzer and J. B. Wagner, Jr., 
Yale University. 


In order to determine the mechanism of diffusion of lead in lead 
selenide and to provide an analog to similar measurements on lead 
sulfide crystals, the diffusion of radioactive lead (Pb-210) has been 
carried out in single crystals of lead selenide. Diffusion coefficients 
for lead in pure PeSe and in crystals doped with 0.5 mole pct 
Bi,Ses or Ag,Se in the temperature range of 400 to 800°C have been 
carried out. The addition of bismuth selenide to the lead selenide 
was made in order to create cation vacancies. The addition of silver 
selenide was made to provide interstitial lead ions and/or decrease 
the cation vacancy concentration. In contrast to the measurements 
on lead sulfide the present preliminary results show that the 
diffusion coefficients for bismuth selenide-doped crystals are less 
than those of pure PbSe or PbSe doped with Ag Se. An activation 
energy of about 1 ev for the diffusion of radioactive lead in pure 
PbSe crystals has been determined. 


Diffusion of Lead in Single Crystals of Lead Sulfide: 
George Simkovich and J. B. Wagner, Jr., Yale 
University. 


Diffusion coefficients of radioactive lead (‘Pb-210) in single 
crystals of pure lead sulfide and in single crystals doped with either 
bismuth sulfide or silver sulfide have been determined as a func- 
tion of temperature from 400 to 900°C. The addition of bismuth 
sulfide was made in order to create cation vacancies. The addition 
of silver sulfide was made in order to create interstitial lead ions 
and/or to decrease cation vacancies. 

Bismuth sulfide-doped crystals were found to have higher diffu- 
sion coefficients than the pure lead sulfide crystals while the dif- 
fusion coefficients in the silver sulfide-doped crystals were found 
to be less than those in the undoped lead sulfide crystals. These 
results suggest that the predominant mechanism for the diffusion 
of lead is via cation vacancies. 

Measurements of the diffusion coefficient as a function of tem- 
perature with excess lead, stoichiometric lead sulfide, and excess 
sulfur, all within the stoichiometry range of lead sulfide, are being 
carried out using sulfur vapor or H»y-HsS mixtures to control the 
stoichiometry. These measurements will provide quantitative dif- 
fusion coefficients as a function of vacancy concentration. 


Effect of Annealing, Strain Rate, and Size of the 
Stress-Strain Characteristics of Lithium iuoride 
Single Crystals: W. L. Phillips, Jr., E. I. du Pont 
de Nemours and Co., Inc. 


The stress-strain characteristics of single crystals of lithium 
fluoride in compression were found to markedly affected by prior 
annealing temperature and the rate of cooling. The critical re- 
solved shear stress, the initial rate of work-hardening, and the 
variability between samples decreased as the annealing tempera- 
ture was increased. Reproducible stress-strain results were ob- 
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tained in specimens which were annealed at 800°C for 24 hr and 
rapidly cooled to room temperature. The dislocation density in- 
creased rapidly during the initial straining but reached a constant 
value at larger strains. The stress-birefringence pattern consisted 
of fine lines at small strains, and these broadened into bands as 
the strain increased. Within the limits tested, strain rate and size 
of specimen had negligible effect on the stress-strain curve. 


2:00 to 5:00 pm, Constitution Room 
Symposium—Titanium vs. Steel 
(Sponsored by IMD Titanium Committee) 


Chairman: W. J. Harris, Jr., Materials Advisory 
Board, National Academy of Sciences. 


Pressure Bottles 
Titanium: A. Hurlich, General Dynamics Corp. 
Steel: J. F. Baisch, Boeing Airplane Co. 


Solid Fuel Motor Cases 
Titanium: Jesse Sohn, Wright Aeronautical Corp. 
Steel: D. K. Hanink, General Motors Corp. 


Marine and Chemical Plant 
Titanium: G. R. Prescott, C. F. Braun and Co. 
Other Materials: F. W. Fink, Battelle Memorial 
Institute. 


2:00 to 5:00 pm, Cotillion Room 


Recent Advances in Steelmaking 
(Sponsored by Iron and Steel Division) 


Program to be announced. 


2:00 to 5:00 pm, Embassy Room 


Symposium on Refining of Pure Metals 
(Sponsored by EMD Physical Chemistry of 
Extractive Metallurgy Committee) 


G. H. Turner, Consolidated Mining and Smelting 
Co. of Canada Ltd. 


High-Purity Single Crystals of Indium Antimonide: 
S. E. Miller and W. P. Allred, Battelle Memorial 
Institute 


A combination zone-refining and crystal-pulling technique has 
been developed. The indium antimonide is purified by multiple 
zone passes under 1.3 atm of hydrogen. Ultra-high-purity hydro- 
gen, purified by the palladium diffusion process, is used. Crystals 
are then pulled from the high-purity sections of the zone-refined 
ingot without removing it from the zone-refining system. Trouble- 
some p-type impurities may be removed by giving the melt a short 
vacuum heat treatment just prior to pulling the crystal. Large, 
high-purity, single chystals of indium antimonide with electron 
mobilities of over 400,000 sq cm per volt-sec at 80°K can be 
pulled consistently. The crystals have extremely low dislocation 
densities as shown by etch-pit studies. 


Zone Refining of Reactive Metals: G. E. Spangler, 


M. Herman, J. L. Rutherford, and R. L. Smith, 
The Franklin Institute 
In principle, the purification of metals by zone refining, using 


the floating zone technique, is limited only by the relative solu- 
bilities of impurities in the melt and in the solid. Whether or not 
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the potential for refining is realized, however, depends upon two 
things: 1. sufficient time must be given for the impurities in the 
melt to diffuse, and 2. care must be taken to avoid contamination 
of the purified material via the gas phase (or vacuum) surround- 
ing the bar. Experimental results of the variation zone travel 
rates, which determine diffusion times, are presented for im- 
purities in iron. Techniques for limiting the contamination of the 
purified bar by the gaseous atmosphere envelope are shown along 
with results obtained from titanium. In addition, results on the 
zone refining of iron are presented in which gas phase reactions 
were utilized to aid in the purification of the metal. 


Electron Beam Floating Zone Melting of Platinum 
Group Metals: W. P. Allred and R. C. Himes, 
Battelle Memorial Institute 


Techniques for electron-beam floating zone melting of platinum 
group metals will be described. The equipment developed for 
treatment of these and other very high melting materials in- 
corporates special features to overcome variation of cathode emis- 
sion and difficulty in detecting complete melting of the zone 

Results of experiments with platinum group metals will be 
presented. Good purification has been effected, and it has been 
found possible to prepare ingots of relatively large diameter from 
small diameter rods. Ductility has been attained in ruthenium. 


Annual Dinner 
Tuesday, November 3 


6:30 pm, Constitution Room 
Cocktail Party for Dinner Guests 


7:00 pm, Ballroom 
Annual Fall Dinner 
T. A. Read, Vice-Chairman 
Institute of Metals Div. 


Toastmaster: 


C. J. Hunter, Chairman 
Chicago Section, AIME 


Welcome: 


Speaker: To be announced 


Wednesday, November 4 


9:00 am to 12:00 m, Ballroom 


Symposium on Effects of Irradiation 
on Fuel and Fuel Elements 


(Sponsored by IMD Nuclear Metallurgy Committee) 
Chairman: D. W. Lillie, General Electric Co. 


Fundamentals of Fission Damage: J. A. Brinkman, 
Atomics International, Division of North American 
Aviation, Inc. 


The principle kinds of lattice damage produced in metallic fuels 
by fission products are discussed both qualitatively and quantita- 
tively. These include interstitial atoms, vacant lattice sites, dis- 
placement spikes, and fission product impurity atoms. Atomistic 
mechanisms are considered by which these lattice defects can 
produce such phenomena as growth, swelling, and phase transfor- 
mations. The phase reversal phenomenon in U-Mo and U-Cb 
alloys is interpreted as the result of the action of displacement 
spikes. Swelling results from the agglomeration of the inert gas 
fission products. Growth is thought to result from the combined 
effects of displacement spikes and interstitials and vacancies. 


A Discussion of the Variables Affecting the In-Pile 
Behavior of Fuel Materials: H. J. Levinstein and 
R. H. Fillnow, Bettis Atomic Power Div., West- 
inghouse Electric Corp. 

Swelling and Fission Gas Agglomeration in Metal 
Fuels: A. T. Churchman, Central Electricity Gen- 
erating Board, London, England. 

The gaseous fission products in uranium precipitate into an 
array of bubbles typically a few hundred Angstroms diameter. 
There appear to be about 10-" bubbles per cu cm under a wide 
variety of thermal and irradiation conditions. At this stage the gas 
is retained by surface tension forces and a quasi-equilibrium is 


reached when the internal pressure approximately balances the 
surface tension forces. The corresponding volume changes are 
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small, and are stable under certain operating conditions notably in 
the absence of thermal cycling. 

By as yet little understood mechanisms some of the bubbles in 
such an array appear to be able to break away from this surface 
tension restraint. The resulting large bubbles and cracks give large 
increases in volume or swelling. The restraining forces are then 
the effective strength of the matrix after allowing for sources of 
internal stress such as thermal cycling, irradiation growth, and 
stress concentrations. 


Fundamentals of Inert Gas Agglomeration and 
Swelling in Metals: R. S. Barnes, Atomic Energy 
Research Establishment, Harwell, Berkshire, Eng- 
land. 


The cause of swelling is production of inert gas atoms by atomic 
reactions. The gas produced will normally form bubbies with as- 
sociated swelling, unless the material is used at a low temperature, 
i.e., in a well cooled research reactor. The swelling will however 
normally be small unless the bubbles are able to grow large, this 
they can do if the temperature is high or at lower temperatures 
if there is some mechanism for the gas to attain low pressure by 
the bubbles cracking, by a grain boundary sweeping processes etc. 
If these other processes can be eliminated and the gas bubbles 
maintained at their nucleation size the swelling will be small at 
normal operating temperatures. 


Operational Performance of Bonded and Unbonded 
Uranium Fuel Rods: T. T. Claudson, G. T. Geering, 
J. W. Goffard, and J. E. Minor, Hanford Atomic 
Products Operation, General Electric Co. 


Unalloyed uranium rods, bonded and unbonded, and clad in 
aluminum, stainless steel, and Zircaloy-2 have been irradiated and 
the effects of these irradiations studied to determine the dimen- 
sional stability of such fuel material. The irradiation performance 
of these rods has been evaluated through a range of burnups up 
to 0.41 pct of total atoms present and over a range of core tem- 
peratures from 210°C to gamma phase operation. Uranium to clad 
interfaces after irradiation have also been studied and the ob- 
servations are discussed in this paper. 

Changes in the dimensions of a fissionable fuel core operating in 
a reactor are due to the thermal expansion of the fuel, anisotropic 
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growth, lattice expansion caused by fission product atoms and 
fission gas bubble formation (swelling). Further dimensional change 
may be caused by internal cracking of the core. Efforts are being 
made to determine the effect of each cause for fuel instability. 
Specifically, irradiation data have been obtained using unalloyed 
uranium rod clad unbonded in stainless steel, Zircaloy-2, and alum- 
inum and unalloyed uranium clad in and bonded to Zircaloy-2. 
Evaluation of these rods by detailed post-irradiation examination 
yields material evidence as to the role played by each mechanism, 
and will play a vital role in the development of fuels with improved 
performance under given reactor service conditions. 


Irradiation Behavior of U-FS and U-PU-FS Fast 
Reactor Fuels: J. A. Horak and J. H. Kittel, 
Argonne National Lab. 


U-Fs alloys are very stable under irradiation, particularly in 
the as-cast condition. The swelling temperatures of these alloys 
appear to be above the maximum fuel temperature of EBR-II. The 
excelient swelling resistance of the alloys, in addition to the negli- 
gible amount of phase reversion encountered during irradiation, in- 
dicate that U-Fs alloys are an excellent fuel for fast reactors. 
While the U-Fs alloys appear to have a temperature limit some- 
where above 700°C, the U-Pu-Fs alloys investigated to date have a 
temperature limit of 400-450°C, above which swelling will occur. 
In addition, U-Pu-Fs alloys are more sensitive to composition; 
alloys with 10 w/o Pu have better stability, with resistance to 
swelling decreasing with increasing plutonium contents. Irradia- 
tion experiments now in progress are expected to determine more 
exactly the swelling temperatures of all of the alloys discussed. 


Irradiation Behavior of U-Cb and U-Cb-Zr Alloys: 
R. H. Fillnow, F. E. Card, D. E. Thomas, S. B. 
McRickard, and H. J. Levinstein, Bettis Atomic 
Power Division, Westinghouse Electric Corp. 


Crystallographic Study of Radiation-Induced Re- 
covery in Cold-Worked Uranium: D. Tardivon, 
Centre d’Etudes Nuclaires, Saclay, France. 


9:00 to 10:30 am, Constitution Room 
Surfaces and Quantitative Metallography 


Chairmen: P. G. Shewmon, Carnegie Institute of 
Technology, and N. A. Gjostein, Thompson-Ramo 
Wooldridge Co. 


Observations on the Thermal Etching of Silicon Iron: 
D. S. Hutton and W. C. Leslie, U. S. Steel Corp. 


A polycrystalline iron-3.50 pct Si alloy was thermally etched 
in hydrogen and in argon at 1200°C. The surface effects produced 
were examined by light, electron and interference microscopy, and 
orientations of individual etched grains were determined. 

The most prominent feature of the etching was the development 
of striations on grains with (100) planes near the plane of the sur- 
face. These striations were probably produced by the resolution 
of a random, high-energy plane into {100} facets of lower energy, 
the driving force being the reduction of total surface free energy 
by the formation of {100} steps. The maximum individual step 
height was about 80 A. The striations produced by heating in 
argon were straighter than those formed in hydrogen, and they lay 
in <110> directions. Sub-grains can be distinguished by the change 
in direction of the striae at the sub-boundaries. The striations 
formed in hydrogen seemed to lie in <100> directions on {100} 
planes, as well as could be determined from their irregular traces. 
It follows that the surface energy of crystallographic planes in 
this alloy depends in a significant manner upon the surrounding 
medium. 

In addition to the development of facets, other observations in- 
cluded grain boundary grooving, grain boundary pinning by in- 
clusions, pits associated with inclusions, and thermal etch pits. 
It is not known whether thermal etch pits in this alloy are as- 
sociated with intersections of dislocation lines with the surface. 
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Theory of Lateral Facet Growth by Surface Diffu- 
sion: W. W. Mullins, Westinghouse Electric Corp. 


Under certain conditions a planar metal surface will develop 
facets in the form of planar strips inclined to the original surface 
(e.g. Ag annealed in air). A theory is developed that describes 
the lateral growth of these facets by the mechanism of surface 
diffusion. Following A.J.W. Moore, it is assumed that the Wulff 
plot is a sphere except for spike-like indentations at directions 
corresponding to a set of low index planes. The Gibbs-Thompson 
equation relating curvature and chemical potential is then ap- 
plied to the curved branches of surface bordering the facet, and 
an equation governing surface migration of adsorbed atoms and 
holes is applied to the facet itself. Suitable matching boundary 
conditions are imposed and an equation is obtained that describes 
the facet profile as a function of time. The profile is found to have 
a constant shape and linear dimensions ~ (time)'/*. Ideally the 
theory allows determination of the surface diffusion coefficient 
both on the curved surface and on the facet plane. 


Relative Energies of Tilt-Type Sub-boundaries in 
Aluminum: K. T. Aust, General Electric Co. 


During a study of grain boundary migration motivated by sub- 
boundaries in bicrystals of zone-refined aluminum, the relative 
energies of the subboundaries were obtained in terms of the 
grain boundary. The method consisted of measuring the dihedral 
grain boundary angle at the point of intersection of each sub- 
boundary with the grain boundary, after annealing at 640°C. 

Relative energy of the subboundaries was studied as a function 
of orientation difference, 6, from 0.1 to 2° in aluminum bicrystals 
having two different effective impurity contents. A cusp was found 
in the energy vs orientation difference relationship at ¢ 0.75°. 
The existence of such a cusp was previously predicted by Mar- 
tius and Chalmers on the basis of impurity effects at boundaries. 
However, this energy cusp is not predicted by theoretical treat- 
ments of dislocation boundaries in which the effect of impurity 
is essentially neglected. The significance of these results, with re- 
gard to substructures in metal crystals and previous work on 
boundary properties, is discussed. 


Influence of Surface Intersections on Crystal Growth 
From the Melt: W. A. Tiller and G. F. Bolling, 
Westinghouse Electric Corp. 


The solid-liquid interface shape in the vicinity of external sur- 
faces and internal surfaces has been determined for pure materials 
grown from the melt for the cases of isotropy and anisotropy of 
the solid-liquid interfacial energy. From this it is possible to de- 
termine the effect of interface anisotropy on the preferred direction 
of growth, the effect of external surface anisotropy on surface 
layer phenomena and the effect of isotherm shape on stray crystal 
formation during seeding and normal crystal growth. 


An Evaluation of Procedures in Quantitative Metal- 
lography for Volume-Fraction Analysis: J. 
E. Hilliard and J. W. Cahn, General Electric Co. 


A Metallurgist wishing to use quantitative metallography to esti- 
mate the volume fraction of a phase in a sample, is faced with a 
choice between several different methods. He therefore wants to 
know: a) Which method will be the most rapid? b) Is there any 
way of improving the efficiency of this method? c) How many 
measurements are required to attain a given percision? 

It is the aim of the present paper to provide a partial answer to 
these queries by calculating the statistical errors to be expected in 
areal analysis, lineal analysis and three point-counting procedures. 
The effect of experimental errors is not included, and it is assumed 
that the phase to be estimated occur as discrete particles randomly 
distributed in three-dimensions. 

We find that, providing each method of analysis is used under 
its optimum conditions, the precision is principally determined by 
the number of observations made on the phase; it makes little dif- 
ference whether the observation be an actual measurement of an 
intercepted area or length, or merely the identification of a phase 
occupied by a point. For a given number of observations, two forms 
of systematic point counting have, surprisingly, the highest per- 
cision. Since these methods should also be the most rapid, we con- 
clude that they are more efficient than either an areal or a lineal 
analysis. 
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9:00 am to 10:30 am, Cotillion Room 


Precipitation and Dispersion Hardening 


(Session Based on Submission of 
Research Abstracts) 


Chairmen: A. G. Guy, Purdue University, and 
H. S. Rosenbaum, General Electric Co. 


Hardness and Internal Friction Evidence for an 
Ordered Metastable Phase in Au-Ni Alloys: J. R. 
Cost and C. A. Wert, University of Illinois. 


A further investigation was made of the low temperature anneal- 
ing characteristics of the Au-rich Au-Ni alloys. Measurements were 
made of the hardness and internal friction properties of these alloys, 
and additional evidence for the formation of a low temperature 
metastable phase was obtained. In an attempt to learn the struc- 
ture and composition of this phase, a metallographic study was per- 
formed utilizing the electron microscope and X-ray analysis. 

The hardness measurements, which were taken during isothermal 
annealing, indicate a definite temperature dependence of nucleation 
and growth of the metastable phase. The kinetics of formation of 
this phase are found to agree with previous resistivity results. A 
critical temperature above which hardening does not occur is 
found at about 200°C. Internal friction measurements which were 
made on these alloys previous to this study indicated two tempera- 
tures at which the damping was found to be at a maximum. These 
temperatures were at 250 and 400°C for a frequency of 1 cps. The 
peak of 400°C which was relatively stable was shown to be a stress 
induced ordering peak. The 250°C peak appeared to anneal away 
during measurement, and the phenomenon associated with it was 
unknown. However, the results of this study show that in reality 
there is only one peak. During the first few minutes following 
quenching, the lower peak shifts to higher temperatures and de- 
creases in intensity until it becomes the stable peak at 400°C. It 
is proposed that this peak is an ordering peak and that its shift to 
higher temperature corresponds to the annealing out of super-sat- 
urated point defects. These internal friction results are thought to 
indicate increased ordering in the alloy, and this ordering appears 
to correspond to the formation of the metastable phase. This evi- 
dence for increased ordering leads us to believe that the metastable 
phase is an ordered one consisting of small anti-phase domains of 
the AusNi type which are unable to increase in size due to a low 
critical temperature. The expected properties of an alloy composed 
of such a foam structure of ordered domains are shown to agree 
with the properties observed in the case of this alloy. An X-ray in- 
vestigation of the alloy which has been annealed to produce the 
metastable phase gave no evidence for superlattice lines. From a 
consideration of this and the structure factor for AusNi, it is de- 
termined that antiphase domains, if present, are less than 25A. 
Attempts to observe a metastable phase in these alloys using the 
electron microscope were unsuccessful. 


Behavior of the Electrical Resistivity of Cu-Fe 
Alloys on Plastic Deformation: Alvin Boltax, Nu- 
clear Metals Inc. 


An investigation was made of the behavior of the electrical 
resistivity in a series of solution treated and aged Cu-Fe alloys as 
a function of cold work at room temperature. The effect of aging 
time and temperature on the change in resistivity with cold work 
was studied on several alloys. All of the solution treated and most 
of the aged alloys showed increases in resistivity with changes as 
high as 45 pct for solution treated alloys and 85 pct for aged al- 
loys. In some alloys aged at 550 and 700°C, a decrease of the re- 
sistivity with plastic deformation was found. An explanation of 
the results is offered in terms of the interaction of stacking faults 
with coherent and incoherent precipitate particles. A determina- 
tion of the stacking fault probability by X-ray techniques was 
made on a solution treated Cu-1.7 wt pet Fe sample filed under 
water to evaluate the above explanation. A stacking fault proba- 
bility, a, of 0.006 was obtained, which corresponds to an average 
of one stacking fault in every 167 (111) planes. 
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Criteria for Yielding of Dispersion-Strengthened 
Alloys: G. S. Ansell and F. V. Lenel, Rensselaer 
Polytechnic Institute. 


A dislocation model is presented in order to account for the yield 
behavior of alloys with either a very finely dispersed second 
phase, or a somewhat coarser dispersion with a low dislocation 
source density. The criteria for yielding used in the model, is that 
appreciable yielding occurs in these alloys when the shear stress 
due to piled-up groups of dislocations is sufficient to fracture or 
plastically deform the dispersed second-phase particles, relieving 
the back stress on the dislocation sources. 

Equations derived on the basis of this model predict that the 
yield stress, of these alloys, varies as the reciprocal square root 
of the mean free path between dispersed particles. Experimental 
data is presented for several SAP-Type alloys, precipitation- 
hardened alloys, and steels which are in good agreement with the 
yield strength variation as a function of dispersion spacing pre- 
dicted by this theoretical treatment. 


Dispersed Particle Hardening of Aluminum-Copper 
Alloy Single Crystals: D. Dew-Hughes, Interna- 
tional Business Machines Corp., and W. D. Robert- 
son, Yale University 


Single crystals were grown in aluminum-copper alloys containing 
from 3 to 5 pet Cu. These crystals were tested in tension after re- 
ceiving heat treatments designed to develop CuAl particles of 
varying sizes and distributions. Values of the critical resolved 
shear stress were found to be inversely proportional to the mean 
spacing between particles, in accordance with Orowan’s theory. 
Fisher, Hart and Pry’s theory that dislocation rings formed around 
the particles during deformation give a large contribution to work 
hardening, has received confirmation from the experimental re- 
sults on these crystals. While a crystallographically-defined critical 
resolved shear stress was observed, deformation took place mostly 
by multiple slip, the external characteristics of the deformation 
being similar to those of polycrystalline material. 


Mechanism of Hardening in Aged Aluminum-Copper 
Alloys: D. Dew-Hughes, International Business 
Machines Corp. and W. D. Robertson, Yale Univer- 
sity 


Single crystals were grown in aluminum-copper alloys contain- 
ing from 1 to 5 pct Cu. Crystals were tested in tension after 
an air-quench from the solution-treating temperatures. The aging 
behavior of crystals containing 4 pct Cu was studied by X-rays 
and by hardness tests. 

Four pct Cu crystals were tested in tension after aging for 
various times at 130 and 190°C. Crystals in all stages of aging 
obeyed the critical resolved shear stress law, though crystals con- 
taining @’ particles deformed by multiple slip in the same manner 
as that previously found for overaged crystals. 

Strengthening due to the presence of Guinier-Preston zones was 
calculated by summing the contributions from Mott and Nabar- 
ro’s coherency strain strengthening, Kelly's chemical strengthening, 
and the strength of the residual solid solution. The calculated 
values of critical resolved shear stress are in agreement with 
measured values on crystals aged for 2 and 10 days at 130°C and 
for 5 days at 110°C. 


Strengthening by Precipitates in Al-Cu Alloys: J. G. 
Byrne, A. Kelly, and M. E. Fine, Northwestern 
University. 


Single crystals of Al-3.85 pct Cu have been water quenched from 
the solid solution range and aged at various times and temperatures 
to produce the various known precipitates GPI, GPII, #@ and @. 
Measurements have been made of the critical resolved shear stress 
and the temperature dependence of the flow stress at a variety of 
temperatures between 77 and 373°K. Stress-strain curves have been 
obtained and the temperature dependence of the rigidity modulus 
of this alloy in various aged states has been measured. 

Crystals containing GPI zones and crystals containing @’ and ¢ 
precipitates respectively show a temperature dependence of the 
strength greater than that show by crystals containing GPII zones. 
The effect of long aging times on the critical resolved shear stress 
at 77 and 273°K has been investigated. Tensile testing of single 
crystals containing the various precipitates, at liquid helium tem- 
—. is underway. We hope to be able to report on these 
results. 

Comparison of the temperature dependence of the flow stress of 
these crystals with that of the elastic constants enables a critical 
appraisal of theories of age hardening to be made. 
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9:00 to 10:30 am, Embassy Room 


Titanium 


(Based on Submission of Research Abstracts) 


Chairmen: D. W. Levinson, Armour Research 
Institute, and H. P. Margolin, New York University 


Effect of Hydrogen and Other Variables on the 
Thermal Stability of High Aluminum Containing 
Titanium Alloys: S. R. Seagle and Stanley Abko- 
witz, Mallory-Sharon Metals Co. 


The effects of hydrogen in alpha-beta and alpha titanium alloys 
have been studied extensively in the past few years. These studies 
demonstrated that hydrogen normally embrittles alpha titanium al- 
loys at fast strain rates, such as in impact loading, while alpha-beta 
alloys are normally embrittled by hydrogen at slow strain rates, 
such as during stress-rupture testing. The results of recent work 
further demonstrated that hydrogen in large concentrations will 
affect the stress rupture strength of alpha plus compound alloys as 
well as alpha-beta titanium alloys. 

The data presented in this paper point out a new area of hydro- 
gen embrittlement in titanium alloys. Hydrogen in less than 100 
ppm has been found to effect the thermal stability (the main- 
tenance of ductility after exposure to elevated temperatures) of 
several alpha titanium alloys 

In addition to a detailed discussion of the effect of hydrogen on 
the thermal stability, this paper contains information on the effects 
of other interstitials, Ta and Cb, and fabrication temperature on 
thermal stability of high aluminum containing alpha _ titanium 
alloys. 

The thermal stability of several high aluminum containing alpha 
alloys has been improved by small additions of tantalum and 
columbium. For example, the elongation after creep of a Ti-7Al- 
12Zr alloy can be improved from about 1 to 7 pct by the addition 
of 1 pet (Ta+Cb). 

The thermal stability of these alloys is also affected by fabrica- 
tion temperature. By decreasing the final fabrication temperature 
of Ti-8Al-2Cb-1Ta from 2000 to 1850°F the reduction of area after 
exposure to stress and temperature can be increased from about 
0 to 40 pet. 

The most recent observation was the effect of hydrogen on the 
thermal stability of alpha titanium alloys such as Ti-8Al-2Cb-1Ta, 
Ti-8Al-8Zr-1(Ta+Cb) and Ti-7Al-12Zr-1(Ta+Cb). Reducing the 
hydrogen content of these alloys from around 100 ppm to 25 ppm 
has no effect on the ductility of wrealed bar (‘cooled fast from 
1600°F). However, after creep expusure the ductility will be im- 
proved markedly by the reduction of hydrogen. For example, by 
decreasing the hydrogen content of Ti-8Al-8Zr-1(Ta+Cb) % in. 
diam bar from 75 ppm to 20 ppm, the elongation after creep ex- 
posure is increased from 6 to 18 pct. Not only does hydrogen affect 
the ductility of alpha titanium alloys after exposure to stress at 
elevated temperature, but it lowers the ductility after thermal ex- 
posure only. The results of these new observations are discussed 
in light of the current theories of hydrogen embrittlement. 


Stabilization of Certain Ti.Ni-Type Phases by Oxy- 
gen: M. V. Nevitt, Argonne National Laboratory. 


Experiments were performed to clarify the valency effects in the 
Ti,Ni-type phases of Ti with Mn, Fe, Co and Ni, with particular re- 
gard for the effect of oxygen in stabilizing the phase. In the ternary 
systems Ti-Mn-O, Ti-Fe-O Ti-Co-O and Ti-Ni-O the T.Ni-type 
phase boundaries were determined at one or more temperatures and 
the variation of the lattice parameter with oxygen content was de- 
termined. X-ray densities were calculated and compared with 
measured density values 

Results indicate that the occurrence of the phase in these systems 
can be correlated qualitatively with electron concentrations, and 
that the role of oxygen is that of an electron acceptor. The valences 
of Ni and Co are low enough to permit the electron:atom ratios of 
their AsB compositions with Ti to lie within the range favorable 
for the stability of the phase. In the corresponding combination of 
Fe with Ti the electron:atom ratio is apparently too high, due to 
higher valence of Fe. The phase is stable however when oxygen, 
occupying interstitial sites and acting with an effective negative 
valence, restores the electron concentration to a favorable value. 
When Mn is the B-partner, oxygen is again required for stability 
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for the same reason. Moreover, for the Mn phase the stoichiometry 
of the metal components shifts from A,B to 


System Ti-TiO-ZrO.-Zr: Michael Hoch, R. L. Dean, 
and S. M. Wolosin, University of Cincinnati. 


The general shape of the 1450°C isotherm of the Ti-TiO-ZrO:-Zr 
system was calculated from the surrounding binary phase dia- 
grams. The phase boundaries were accurately determined by in- 
vestigating 50 compositions using X-ray and metallographic tech- 
niques. At 1450°C the system shows a large BCC beta field, which 
extends from the two metal-oxygen binary systems as a Gaussian 
error function, and is stable up to 30 at. pct oxygen when titanium 
and zirconium are present in equal amounts. At higher oxygen 
concentrations, the beta field is in equilibrium with tetragonal 
ZrO». The following four regions, with three solid phases, are 
present: two hexagonal a + 8 + tetragonal ZrOo., a + TiO + 
tetragonal ZrOs, and TiO + tetragonal ZrO», + cubic ZrO. On cool- 
ing, the beta phase transforms into the alpha phase, going through 
the omega transition phase. 

The activities of titanium and TiO in the a + TiO tetragonal 
ZrOz and the two a + § + tetragonal ZrO, regions were meas- 
ured using the Knudsen effusion method. In the a + TiO tetra- 
gonal ZrO, region the activities of both titanium and TiO are the 
same, as in the Ti + TiO binary. In the two a B tetragonal 
ZrO, regions, the titanium activity is high, and the TiO activity 
very low, though all phases present contain at least 30 at. pct 
oxygen. This indicates a short-range order in the solid phases, zir- 
conium atoms being preferentially surrounded by oxygen. 

The solidus and liquidus surfaces were determined by observing 
samples suspended with a fine tungsten wire in a tungsten crucible, 
and heated in vacuum. Five univariant points were found—four 
ternary eutectic points and one congruent melting point. 


Effect of Rare Earth Metal Additions on the Transi- 
tion Temperature and Lattice Parameter of Alpha 
Titanium: C. G. Kirkpatrick, Bernard Love, and 
Virgil Novy, North American Aviation, Inc. 


Alloys of titanium containing up to 10 pct of lanthanum, gado- 
linium, erbium and yttrium have been studied by metallography, 
X-Ray diffraction and differential thermal analysis methods. Elec- 
trical resistivity, thermal conductivity and hardness were also 
measured. As a result of this investigation, tentative phase dia- 
grams have been constructed for the dilute alloys studied. Metal- 
lography showed little solubility; X-Ray diffraction showed a small 
change in lattice parameter. Differential thermal analysis showed 
some increase in transition temperature. While all these measure- 
ments are self consistent, the lanthanum-titanium system is not 
in agreement with the work of Savitsky and co-workers (Acade- 
mia Nauk, 1957). 

The authors dicuss materials, heat treatment and analytical 
techniques, experimental metallographic methods and methods of 
differential thermal analysis. Precision of titanium lattice para- 
meter determination is discussed as is the identification of the 
second phase. Some of the alloys were examined for change in 
mechanical properties with the alloying addition. Results were 
consistent with the other findings in this study; and no marked 
changes were observed. 


Development of a Mold Material for Titanium Cast- 
ings: A. R. C. Westwood, RIAS. 


The development of a simple and inexpensive method of pro- 
ducing molds for titanium and similar refractory metals will be 
described. In this investigation it was reasoned that the develop- 
ment of a completely inert molding material was improbable be- 
cause of the extreme reactivity of molten titanium. Thus the 
objective was to produce a material which would provide castings 
with an acceptably low degree of contamination and good surface 
quality 

Powdered graphite was used as the basis material and many 
binders and molding methods were evaluated. The ultimately suc- 
cessful method utilized high purity graphite of a specific sieve 
fraction, a two-stage shell-molding technique, and a high per- 
centage of phenolic resin as binder. After a high temperature 
treatment, shells made in this way were capable of producing 
sound castings with as little contamination as, and sometimes 
superior surface quality too, similar castings from machined graph- 
ite molds 

To date, shapes of up to 2-in. section have been successfully 
produced and, in view of the high strength and good surface 
quality of the shells, few difficulties should be encountered in 
scaling-up the process. 
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A Study of Vacuum Arc Melting and Casting of 
Titanium: R. W. Huber and E. J. Chapin, U. S. 
Naval Research Lab. 


The technique of consumable electrode arc melting in a vacuum 
of less than one micron has been applied to the melting and 
casting of titanium at the US Naval Research Laboratory. Two 
types of furnaces have been employed to prepare ingots and 
cast shapes for metallurgical evaluation 

Compressed titanium sponge electrodes are melted in one arc 
furnace to form an ingot which is solidified in place in a water 
cooled copper crucible. This ingot material is then joined to 
form an electrode for a skull furnace. Power input into this 
skull-type furnace of up to 300 kw is required to maintain 
a large enough volume of molten metal sufficient to cast up to 
100 lb of titanium. All of the molten metal is discharged by 
pouring over the lip of the crucible within five seconds after the 
power cutoff. 

Studies have been made of the effects of top and bottom metal 
running, gating, and risering upon the solidification of simple 
shapes of titanium cast into machined graphite molds. The prob- 
lem of shrinkage porosity appears to be of prime importance. 

In view of excessive grain growth which occurs in as-cast ti- 
tanium in sections over on inch in cross section, the mechanical 
properties of such material were compared with forged and rolled 
material of the same quality. The properties were found to be 
comparable. 

The effects of vibrating titanium during solidification at a 
frequency of 120 cps were studied to determine if such treatment 
would either reduce the grain size or the porosity in titanium 
castings. Such treatment was found to have no significant effect. 

The mode and the rate in which titanium solidifies from the 
molten state is under investigation to provide basic information 
essential to proper casting design. Such studies are dependent 
upon accurate temperature measurements. The high chemical 
reactivity of molten titanium with all suitable thermocouple mate- 
rials introduces extreme difficulties in making temperature meas- 
urements at elevated temperatures. Results obtained with a graph- 
ite-tungsten thermocouple system show a promise of success. 


2:00 to 5:00 pm, Ballroom 


Symposium on Effects of Irradiation on 
Fuel and Fuel Elements 


(Sponsored by IMD Nuclear Metallurgy Committee) 


Chairman: M. J. Whitman, Division of Reactor 
Development, U. S. Atomic Energy Commission 


Irradiation Behavior of UO, Fuel Elements: J. A. L. 
Robertson, A. S. Bain, G. M. Allison, and W. H. 
Stevens, Atomic Energy of Canada Ltd., Chalk 
River, Canada. 


Irradiations performed during the past year at Chalk River have 
confirmed earlier confidence in UO, fuel elements. Detailed ob- 
servations on the specimens are provided in the tables, and five 
topics of technological importance are discussed: a) UO»: tempera- 
ture; b) sheath deformation; c) fission-product release from a de- 
fected sheath; d) fission-product-gas accumulation within an intact 
sheath; and, e) swaged elements. 


The Swelling of UO. at High Burnup: W. K. Barney, 
Knolls Atomic Power Lab., General Electric Co. 


Uranium dioxide has performed very satisfactorily in two dif- 
ferent fuel element concepts. Its continued use in more severe 
applications seem likely and its use should become more wide- 
spread in the reactor field because of its excellent properties. 


Irradiation Testing of Plutonium-Uranium Oxide 
Nuclear Fuel: J. L. Bates and W. E. Roake, Han- 
ford Atomic Products Operation, General Elec- 
trie Co. 

Plutonium enriched, uranium dioxide powder fuel generated 
more than 725 watts per g of fissile atoms in a water cooled, Zir- 
caloy clad, rod bundle test element. Local surface heat fluxes ex- 
ceeded 400,000 BTU per hr ft*. The relatively uncomplicated en- 


closing of fissile powder, as in this test element, represents an 
appealing method of manufacture of fuel elements containing 
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difficult to handle materials such as plutonium. In-reactor sinter- 
ing caused redistribution of the fissile powder, forming long, un- 
fractured compacts having large central voids. These sintered com- 
pacts were notable for the long, radially oriented, columnar grains 
of which they were principally composed. Small voids were ob- 
served which are characteristic of UO, dendrite formation from the 
vapor phase. Metallographic examination of etched surfaces of the 
irradiated fuel revealed etch pits on the single crystals. A second 
phase of undetermined composition was observed within the large 
grains. 


Effect of Radiation on Massive Uranium Carbide: H. 
Pearlman, Atomics International, Division of 
North American Aviation, Inc. 

Irradiation Behavior of ThO,-UO, Fuels: L. A. Nei- 
mark and J. H. Kittel, Argonne National Lab. 


Irradiation experience to date has shown ThOs.-UO>, fuels are 
highly stable under irradiation. Fuel elements containing this 
ceramic fuel have shown excellent performance in arrangements 
where the pellets are lead-bonded to aluminum alloy cladding. The 
lead bond permits a higher average heat flux without cladding fail- 
ures resulting from burnout than does a helium bond. Molybdenum 
wire reinforcing appears to effectively increase the thermal con- 
ductivity of ThO.UOs under irradiation, as evidenced by decreased 
central void formation. Preliminary tests indicate that essentially 
only gaseous fission products are released from defected ThO,:-UO, 
fuel elements. 


Release of Fission Products from Fueled Graphite: 
W. C. Riley, D. N. Sunderman, and B. W. Dunning- 
ton, Battelle Memorial Institute. 


Irradiation experiments were performed on fueled graphite to 
study fission-product release at high temperatures. Very large fis- 
sion-gas release was observed in elements irradiated or annealed 
at temperatures in the range of 1000 to 1700°F. However, certain 
modifications to the fueled graphite, such as increasing the fuel 
particle size and the use of either external coatings or coatings on 
fuel particles, were found to result in large reductions in fission- 
product release. In one case, during irradiation at 1300°F, the ratio 
of the fission-gas atoms released to the fission-gas atoms produced 
was less than 10-*. This fractional release is low enough to con- 
sider direct maintenance of equipment exposed to contamination 
from a coolant in contact with the fueled graphite. The effect on 
release rate of fuel-element temperature, time at temperature, ir- 
radiation rate, and level is given for various types of fueled 
graphite. 


2.00 to 5:00 pm, Constitution Room 
Plasticity and Strength of Single Phases 


Chairmen: H. K. Birnbaum, University of Chicago, 
and R. J. Stokes, Honeywell Regulator Co. 


Effect of Quenching on Mechanical Properties of 
Molybdenum: W. Liebmann, A. Lawley, and 
Robert Maddin, University of Pennsylvania. 


Quenching experiments have been performed on molybdenum 
wires of commercial purity in order to find out how the intro- 
duction of point defects into BCC metals effects the mechanical 
properties. Specimens (0.5 mm diam) were quenched in a hydro- 
gen atmosphere from 2300°C into water at room temperature. 

After quneching the mechanical properties (UTS, yield point, 
and total elongation) were measured. Quenching affects the prop- 
erties of the metal in a twofold manner. The yield point is raised 
considerably and the amount of plastic deformation to fracture is 
decreased. On aging at room temperature, the yield point falls to 
its original value after ~ 30 hr. The total elongation does not re- 
cover completely on aging at room temperature. The total elonga- 
tion always remains lower than that of the unquenched specimen. 

The molybdenum wires are ductile immediately after quenching, 
but after about % hr they show the characteristics of brittle frac- 
ture and then regain ductility after 2 hr. 

The rate of strain hardening is essentially the same for the 
quenched and for the unquenched specimen. 
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Structure, Formation, and Properties of Chromium 
Filaments: S. T. Wlodek, W. W. Webb, and W. D. 
Forgeng, Union Carbide Metals Co. 


Filamentary particles of chromium extracted from copper-rich, 
copper-chromium alloys exhibit high bend strength. Filaments cap- 
able of withstanding in excess of 3 pct elastic deformation at room 
temperature, and about 4 pct elastic deformation at 196°C were 
observed. When the elastic limit was exceeded, the filament often 
deformed plastically by kinking even at liquid nitrogen tempera- 
tures. Microscopic studies of the types of filamentary growth en- 
countered, mechanism of growth, and modes of deformation are 
presented. 


Tensile Deformation of Aluminum Single Crystals at 
Low Temperatures: W. F. Hosford, Jr., R. L. 
Fleischer, and W. A. Backofen, Massachusetts 


Institute of Technology 


Tension tests on aluminum single crystals of approximately 
001}, {111}, (112), and (123) axial orientations were made at 
4.2, 77, 200, and 273°K. It was a general observation that the 
hardening rate passed through a maximum and then decreased 
continuously with increasing stress, the decrease being less rapid 
at the lower temperatures. There were no findings, under any 
circumstance, of a constant stage II slope in the stress-strain 
curves 

At 273°K, after initially rapid hardening, [001] crystals deformed 
primarily by operation of two slip systems with conjugate rela- 
tionship; multiple xecks were formed but the accompanying lattice 
rotation prevented failure by necking until large strains At lower 
temperatures all four stressed slip directions were active in the 
(001] crystals and hardening continued to higher stresses. With the 
four directions, two perpendicular sets of Lomer-Cottrell barriers 
could form, as constrasted to one set at 273°K, thus producing 
greater hardening. Slip markings at the lower temperatures tended 
to follow (110) traces, but this may be explained by a fine mix- 
ture of cross slip on two {111} planes, necessary to avoid the 
barriers. 

In [111] erystals, approximately equal operation of the three 
favored directions at all temperatures prevented lattice rotation and 
maintained a high hardening rate. 


Observations on the Mechanism of Deformation 
Leading to Fracture of Aluminum and Copper 
Specimens in Tensile Test: W. D. Sylwestrowicz, 
Bell Telephone Labs. 


In the investigation described below, some observations have 
been made which appear to be pertinent to the problem of initia- 
tion of instability and consequent necking of a specimen in a ten- 
sile test. In these experiments, high purity copper and aluminum 
specimens were used. 

The following observations were made from these tests: a.) The 
formation of the neck in a specimen is not uniquely related to the 
amount of strain. It is possible to start instability in the specimen 
over a large range of strain, depending on the previous thermal his- 
tory. Aluminum and copper specimens strained at room temper- 
ature, after prestraining in liquid nitrogen, fracture after a con- 
siderably smaller amount of plastic deformation than if they were 
strained continuously at either room temperature or in liquid 
nitrogen. b.) It appears that at a given temperature the initiation of 
instability in a specimen is related to a specific configuration of the 
deformed structure. The value of the yield stress corresponding 
to the deformed structure (when necking starts) is independent of 
previous changes of temperature during the test and is equal to the 
yield stress at which necking occurs, when the test is conducted 
at this temperature throughout the test. c.) Since the ratio of the 
vield stress at room temperature, ox, to that at liquid nitrogen, on, 
is constant and independent of strain, ox, is constant and inde- 
pendent of strain, ox after deformation in liquid nitrogen is de- 
termined by the value of on alone. This value can be greater than 
the yield stress at which necking occurs when specimen is strained 
at room temperature only. d.) Slip band patterns on the surface 
of a fractured single crystal specimen combined with X-ray Laue 
photographs indicate that in liquid nitrogen slip takes place on 
{111} planes. When the test temperature is changed from liquid 
nitrogen to room temperature, new slip systems appear. It seems 
that the defects introduced during the deformation in liquid nitro- 
gen, prevent subsequent deformation on the same slip system, when 
the specimen is deformed at room temperature. New cross slip 
seems also to be responsible for the initiation of instability leading 
to the formation of the neck. 


The Hedge Mechanism for Work-Hardening: U. F. 
Kocks, Harvard University. 


A modification of both the random forest and the Lomer-Cottrell- 
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lock type of obstacles to dislocation glide is proposed. At higher 
strains, most interacting dislocations are produced by slip and thus 
lie in individual planes, forming a non-random forest, or hedges 
(these hedges may be pile-ups behind Lomer-Cottrell locks.) They 
form two-parameter obstacles and are thus suitable for explaining 
a wider variety of the many observations. They have been used to 
explain peculiarities of polyslip deformation. In addition, they are 
geometrically more plausible than either of the two most commonly 
discussed obstacles. 


Strain Aging in Ag-Al Alloys: A. A. Hendrickson 
and M. E. Fine, Northwestern University. 


Yield points have been found in Ag-Al alloy single crystals for 
a variety of orientations, compositions and testing temperatures. 

In the initial testing of the crystals, all furnace cooled to 200°C 
after annealing, only the specimens having the highest Al contents 
(6 at. pet Al) consistently showed yield points. 

However, plastic deformation followed by an aging treatment 
produces sharply defined yield drops in alloy crystals containing 
2, 3, 4 and 6 at. pct Al. The yield drops vary with Al content, 
aging time, aging temperature and testing temperature. No yield 
points are found in similarly grown and tested hi-purity Ag. The 
maximum yield drops for room temperature strain-aging vary 
from 30 gm per sq mm for an alloy containing 2 at. pct Al to 
80 gm per sq mm for a 6 at. pct alloy. Strain aging experiments on 
the 6 at. pct alloy at 258, 273 and 296°K indicate an activation 
energy of approximately 0.55 ev. The kinetics are interpreted in 
terms of excess vacancies produced by plastic deformation. The 
yield points are believed to be produced by Suzuki's mechanism for 
chemical locking of extended dislocations. We have tentatively 
discarded short range order hardening as an important considera- 
tion since the ordering energy is relatively small and the yield 
point effects occur at low Al concentrations. The close similarity in 
atomic sizes for Ag and Al would seem to indicate that Cottrell 
elastic interaction is rather weak. 


Yield Point Phenomena in a Number of Commercial 
Copper Alloys and One Nickel Base Alloy: V. A. 
Phillips, General Electric Co., and R. B. Jones, 
Sheffield University, England 


Although much attention has been devoted to the study of yield 
point phenomena in steel and, more recently, in a number of 
aluminum alloys, there has been little investigation of other FCC 
alloys based on copper and nickel. The present tensile test study 
was accordingly conducted to survey the occurrence of yield point 
phenomena in phosphor bronze, manganic nickel, chromium cop- 
per and beryllium copper. Initial yield points were found in the 
first two alloys in the fine grained recrystallized condition. The ef- 
fect of coarsening the grain size was to reduce or eliminate this 
yield point. The initial yield point could be suppressed by water 
quenching rapidly after annealing. No initial yield points were ob- 
served in the latter two alloys as solution treated or solution treated 
and aged. Yield points could be produced by suitable strain-aging 
treatments in all the alloys. 

Both the initial yield points and those produced by straining and 
aging were found to be transient hardening effects. It has pre- 
viously been theorized that the initial yields arise because of the 
formation of grain boundary barriers to the propagation of slip due 
to segregation of solute, whereas the strain aging yield points are 
due to the anchoring of dislocations by solute by, for example, the 
formation of Cottrell atmospheres. The bearing of the present re- 
sults on these previous ideas has been considered. 


Solution Hardening by Interaction of Impurity 
Gradients and Dislocations: R. L. Fleischer, Massa- 
chusetts Institute of Technology. 


Estimates of elastic interactions between dislocations and non- 
uniform solute distributions indicate that mechanical properties may 
be strongly affected. Three types of interactions are considered: 1) 
lattice parameter interactions, caused by changes in lattice param- 
eter, 2) elastic constant interactions, created by changes in the 
elastic constants, and 3) Cottrell interactions, due to the individual 
stress fields about impurity atoms. 

Normally this third consideration can be shown to give the larg- 
est effect: A dislocation encounters an increase in the flow stress of 
the order of 3Gce, where G is the shear modulus, co the change in 
solute concentration occurring across the stress field of a disloca- 
tion, and ¢ the strain associated with a solute atom. This estimate 
indicates that effects or irregularities in the solute concentration 
will be comparable to the effects of a uniform concentration if there 
are changes in concentration of the order of the total concentration. 

Elastic constant interactions have been considered previously by 
Head. His results for a single abrupt change in elastic properties 
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may be generalized simply to give an estimate of the effects of 
uniformly changing elastic constants, such as might result from 
an impurity gradient. 

Where lattice parameter changes are present, slip normal to such 
changes gives rise to built-in, dislocation-like stress fields. The 
stresses due to these irregularities increase rapidly with the extent 
of slip on a given atomic plane. 


Deformation Characteristics of Mo-35 at. pct Re: 
Alan Lawley and Robert Maddin, University of 
Pennsylvania. 


For Mo-Re binary alloys, maximum ductility is observed at 
about maximum solid solution hardening. In order to study this 
unusual behavior, high purity single crystals of Mo —35 at. pct Re 
were grown using the electron-bombardment zone melting tech- 
nique. A minimum of three zone passes at a zoning speed less than 
3 mm per min was found necessary to produce single crystals from 
3/32 in. diam and 1/8 in. diam sintered rod. 

Preferred crystal growth was found, the specimen axis invariably 
lying within ~ 14° of the <100> cube direction. Gross irregulari- 
ties in the stress strain curves, accompanied by sharp clicks showed 
that twinning is a major factor in the deformation of the alloys. 
Evidently, the rhenium lowers the critical stress for twinning in 
molybdenum, thus giving an additional deformation, mechanism 
to slip. The crystallographic elements of glide and twinning have 
been determined. 


2:00 to 5:00 pm, Cotillion Room 
Refractory Metals 


(Session Based on Submission of Research 
Abstracts) 


Chairmen: A. B. Michael, Fansteel Metallurgical 
Corp., and M. A. Steinberg, Lockheed Aircraft Corp. 


Fatigue and Tensile Properties of Columbium at Ele- 
vated Temperatures: J. F. Enrietto, G. M. Sinclair, 
and C. A. Wert, University of Illinois. 


Fatigue and tensile tests were performed on % in. bars at tem- 
peratures up to 1000°C. Both composition and heat treatment were 
varied. Room temperature fatigue tests on Cb 1 pet Zr showed 
that the fatigue properties of this alloy were remarkably insensitive 
to grain size and cold work. The results of tensile tests on the 
same material showed that a temperature inversion of the tensile 
properties existed at 500 and near 1000°C. Because of the serrated 
nature of the stress strain curves at these temperatures the in- 
version in the tensile properties is tentatively believed to be as- 
sociated with strain aging. 

Fatigue tests on commercially pure columbium showed that a 
sharp, but strong, maximum in fatigue properties occurs at 300°C. 
At this temperature the fatigue limit is increased about 150 pct 
over that of room temperature. At the present time we are un- 
certain as to whether this increase in strength is due to precipita- 
tion hardening or strain aging. Metallographic examinations in- 
dicate that precipitation is taking place near this temperature. This 
phase of the problem is currently being more fully investigated. 


Alloy Strengthening of Columbium: W. F. Sheely, 
Union Carbide Metals Co. 


The tensile strength of dilute columbium-base alloys containing 
single additions of aluminum, titanium, zirconium, vanadium, tan- 
talum, chromium, molybdenum or tungsten was determined over 
the temperature range from 20 to 1200°C. It was found that at 
intermediate temperatures (~650°C.), the strengthening con- 
tribution of a solute was determined by both the atomic misfit of 
the solute atom in columbium and the valence of the solute. At 
the highest temperature (~1200°C.), however, the valency effect 
disappeared, and the amount of solid-solution strengthening at a 
particular homologous temperature was determined by the atomic 
misfit alone. It is postulated that the intermediate valency con- 
tribution arises from the effect on strain-aging of an electronic in- 
teraction between substitution and interstitial solute atoms. 


Strength Properties of Some Columbium-Base 
Alloys: W. H. Chang, General Electric Co. 


This paper summarizes the strength properties of two Cb-base 
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alloys containing W, Mo, Ti, Zr and C, which have been developed 
by the General Electric Co. The alloys are characterized by high 
strength or combination of strength and oxidation resistance. Data 
are presented on recrystallization, room-temperature to 2200°F 
tensile and 2000 to 2200°F rupture properties. 

The effect of the alloying elements on strength is discussed. The 
magnitude of this effect is reflected by the fact that the 2000°F 
per 100 hr rupture strength of the alloys ranged from 37,500 to 
16 500 psi. 

The strengthening effect of carbide dispersion in Cb alloys is 
particularly emphasized. This effect is analyzed from the correla- 
tion of the data on strength, electron microscopic studies and phase 
identification work involving X-ray diffraction and chemical 
analysis. 


Effect of Prestrain and Polygonization on the Creep 
Resistance of Molybdenum: A. Iannucci, J. In- 
trater, and Sheldon Weinig, Materials Research 
Corp. 


‘The prestrain of single and polycrystalline specimens of Mo have 
been studied metallographically and by X-ray diffractometry. These 
results have been correlated with high temperature compressive and 
tensile creep tests. It was found that the effect of prestrain is mag- 
nified by an increase in grain size. The individual dislocation and 
substructure arrays appear to go through four stages, i.e. random 
orientation, metastable locking, substructure formation and sub- 
structure coarsening. It was found that for a sufficient amount of 
prestrain (~ 6 pct) there were enough dislocations to cause a 
relatively strong locking. In this condition the material exhibited 
the greatest creep resistance. Dislocation etch-pit studies and X-ray 
data appear to substantiate these results. 


Refractory Metal Thermocouples: J. C. Lachman, 
Aircraft Nuclear Propulsion Dept., General Elec- 
tric Co. 


The thermoelectric properties of refractory metals were studied 
with emphasis on the use of the element rhenium for thermocouple 
applications. The pure metal combinations of rhenium versus mo- 
lybdenum and rhenium versus tungsten were calibrated to 4000°F 
in vacuum, hydrogen, and inert gas atmospheres. Both rhenium- 
molybdenum and rhenium-tungsten thermocouples have a high 
thermal emf which is reasonably linear with temperature. The 
practical application of rhenium-molybdenum is limited to about 
3200°F by loss of thermoelectric potential. Rhenium-tungsten ther- 
mocouples, however, measure temperatures up to 4000°F and ap- 
parently higher. 

Practical applications of these two thermocouples are discussed 
including availability of required materials, cost comparison with 
present commercial thermocouples, and outlook for future develop- 
ment. Investigations of rhenium-tungsten and rhenium-molybdenum 
alloys are in progress aimed at the discovery of thermocouple ma- 
terials with better thermoelectric and mechanical properties. 


Elevated Temperature Strength Properties of Tungs- 
ten: G. H. Keith and E. F. Vandergrift, Westing- 
house Electric Corp. 


Tensile and creep rupture properties of high purity and com- 
mercial purity swaged tungsten rods have been determined in the 
range of 2000 to 2500°F. No effect of test environment ‘argon or 
vacuum) was found in the short time tests. Results show a rapid 
decrease in tensile strength with essentially constant yield strength 
over the temperature range investigated. Reproducibility of test 
results was good with the exception of creep data at 2500°F, which 
showed anomalous results for which no correlation could be ob- 
tained. The effect of impurities (both substitutional and inter- 
stitial) on the high temperature properties of tungsten is discussed. 
A possible explanation of the anomalous behavior at 2500°F is 
proposed. 


Physical and Mechanical State of Compacted Tungs- 
ten Powders as a Function of Pressing Rate, Par- 


ticle Size Distribution, and Impurities: H. G. Sell, 
Westinghouse Electric Corp. 


It has been stated often that the rate of pressing is most im- 
portant for successful compacting of different tungsten powders and 
that some powders could not be pressed at all. As a result of com- 
pacting experiments it can be stated that practically all technical 
pressing rates, designated as quenched pressing are too fast and 
prevent natural relaxation processes from taking place. 
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These relaxation processes have been studied by compacting 
tungsten powders in an electrically insulated die. Different initial 
pressures were applied rapidly and the compact was then al- 
lowed to relax. The rate of pressure decrease and the rate of 
plunger motion were recorded with a time lapse camera. The dc- 
resistance of the compact was recorded simultaneously. 

Two relaxation processes occur which are distinguished by their 
respective time constants. An intermediate stage of elastic de- 
formation separates the two processes. The first process is en- 
tirely due to the rearrangement of particles. The process is de- 
scribed as viscous flow. Impurities or surface conditions manifest 
themselves in different co-efficients of viscosity. The process ter- 
minates when densest possible packing is achieved. At this stage, 
the pressure instead of converging towards zero, converges towards 
a residual pressure indicating the occurrence of elastic deformation. 
A practically strain free compact is obtained having a density of 
approximately 70 pct ideal density. This is verified by the linear 
slope of the resistance as a function of density. 

As the pressure is increased above the residual pressure a dif- 
ferent rate of pressure decrease is recorded which is associated 
with delayed yielding i.e. plastic deformation of the particles. 
Optimum pressing conditions for different powders are deduced on 
the basis of rate constants, residual pressure, and compact re- 
sistance. 


Mechanical Properties of Tungsten Wire: A. J. 
Opinsky, Sylvania Electric Products, Inc. 


Tensile tests have been performed at various temperatures up to 
2000°K in both silica-alumina doped (0.038, 0.010, and 0.003 in. 
diam) and pure (0.010 in. diam) tungsten wires after various an- 
nealing treatments. Cold-worked wire, 0.010 in. diam and below, is 
still ductile at dry-ice temperature; in fact. 3-mil wire exhibits 
considerable ductility at the temperature of liquid nitrogen. In each 
instance, annealing these wires to the point of breakup of the 
fibrous structure (primary recrystallization for the undoped, sec- 
ondary recrystallization for the doped) results in raising the zero 
reduction of area transition to about room temperature. The tensile 
strengths of all wires can be increased by heating in the tempera- 
ture range 400 to 800°C. Further evidence of strain aging is found 
in the yield point behavior of recrystallized undoped wire. Con- 
siderable elongation after maximum load (up to 10 pct) can 
occur upon suitable heat treatment and is discussed in detail. The 
tensile strength data are examined from the standpoint of dislo- 
cation theory. 


Mechanical Properties of Tungsten: E. L. Harmon, 
Union Carbide Metals Co. 


The effects of strain rate, temperature, and microstructure on 
the tensile properties of tungsten were investigated. Arc-melted 
tungsten when impact extruded at 1600°C. exhibited a substantially 
lower transition temperature than when swaged at 1700°C. This 
behavior was in accord with differences in the microstructures of 
the two materials. The transition temperature of recrystallized 
commercial tungsten was higher than that of as-swaged commercial 
tungsten, and increased from 190 to 390°C. as strain rate was in- 
creased from 0.002 min-' to 20 min-'. A pronounced yield strength 
maximum induced by strain aging was observed at 500°C. using the 
slowest strain rate, but this became less distinct at faster strain 
rates 

Microstructural changes during annealing of wrought commercial 
tungsten were studied. The elongated grain structure of as-swaged 
tungsten recrystallized after 1 hr at 1600°C. Annealing in vaccum 
for several hours at temperatures between 1300 and 2100°C. re- 
vealed a network of subboundaries within the grains. At 2100°C. 
equiaxed subgrains ranging in size from 1 to 8 ~ were observed. At 
this temperature migration of high-angle grain boundaries occurred. 
This grain boundary migration was accompanied by elongation of 
the subgrains bordering the boundaries. 


Properties of Slip-Cast Tungsten: G. Reinhardt and 
F. R. Charvat, Union Carbide Metals Co. 


Physical and mechanical properties have been determined on 
tungsten specimens which were prepared from slip-cast and sintered 
forms. In the slip-casting process, a suspension of tungsten metal 
powder in a liquid medium was prepared and poured into plaster 
molds. After the liquid phase had been drawn off by capillary 
action of the molds, the green castings were removed and sintered. 
A range in density of from 11 to 18 g per cu cm was obtained by 
sintering with various time-temperature cycles. Empirical relation- 
ships were established which relate transverse rupture strength, 
hardness, electrical conductivity, and elastic modulus (determined 
dynamically} with density. Elastic modulus and tensile tests were 
conducted at temperatures up to 1200°C. 

Results of the tests generally correlate with those published for 
swaged and recrystallized tungsten, with the exception that, in 
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some instances, the tensile tests did not exhibit a brittle-ductile 
transition. Metallographic examination of the tensile specimens 
revealed an entirely intergranular, brittle-type fracture. This be- 
havior was related to the impurities introduced with the medium 
used in preparing the slip. 

The relationships established between the various properties and 
density are generally in agreement with theoretically established 
relationships for brittle materials. Electrical conductivity is a 
linear function of density, while strength, elastic modulus, and 
hardness are exponential functions of density. 


A Method For The Determination of Latent Heats of 
Impurities Which Undergo Phase Transformations 
When Tungsten Powder Compacts are Sintered: 
H. G. Sell, Westinghouse Electric Corp. 


Compacted tungsten powders contain various types and con- 
centrations of impurities which individually undergo phase trans- 
formations during sintering. These phase transformations have pro- 
nounced effects on the rate of sintering and on the properties of 
the sintered ingot. Ingot grain size, ingot brittleness, and the high 
temperature properties of tungsten wires which are produced from 
such ingots are specific examples. 

Since impurities exert their influence on sintering at the early 
stage of each sinter step of a sinter schedule where each step 
corresponds to a certain sinter temperature, a sensitometer was 
devised which records the rate of heating of a tungsten muffle in 
which pressed powder samples are sintered. The sensitometer func- 
tions on the principle that energy is absorbed from (or released to) 
the muffle when phase transformations occur in the compact and 
alter the characteristic heating rate. The heating rate is stand- 
ardized by recording the rate curve when the muffle contains a 
fully densified tungsten sample and also when a high purity com- 
pact (99.95 pct) is placed into it. The evaluation involves isochronal 
sintering of identical samples of the same powder at increasing 
temperatures. The heating rate curves are graphically integrated 
and the reaction energies so obtained are related to compact 
wightloss and specific impurities which are detected by quantita- 
tive analysis. 

The experimental results have been supplemented by solving the 
heat rate differential equation for the special case when the heat- 
ing rate is equal to the rate of energy absorption in which case 
the observed constant temperature is a characteristic temperature. 
The sensitometer consists of a solar battery, de-amplifier, and re- 
corder. The effect of phase transformations of refractory oxides 
on sintering have been investigated and will be reported. 


2:00 to 5:00 pm, Embassy Room 
Oxidation and Reduction 


(Session Based on Submission of 
Research Abstracts) 


Chairmen: D. H. Whitmore, Northwestern University, 
and R. Schuhmann, Jr., Purdue University 


Thermodynamic Properties of Titanium-Oxygen, 


Zirconium-Oxygen, and Hafnium-Oxygen Alloys: 
K. L. Komarek, New York University. 


Thermodynamic properties (partial molal free energies, activi- 
ties, partial molal enthalpies and entropies) of oxygen in solid 
titanium-oxygen, zirconium-oxygen and hafnium-oxygen alloys have 
been determined by equilibrating thin titanium-, zirconium-, and 
hafnium specimens with alkaline earth metal vapors of known 
partial pressure and soil alkaline earth metal oxide. The metal 
specimens were placed in a temperature gradient in an evacuated 
and closed tube in close physical contact with the oxide. The cor- 
responding metal was kept at the lowest temperature on the bottom 
of the vertical tube and the tube was heated in a vacuum system 
until equilibration was achieved. In equilibrium, the specimens will 
contain oxygen of the same partial pressure as that given by the 
known equilibrium between the earth alkaline metal and its oxide. 
By determining the weight increase of the specimens, the oxygen 
content was obtained and the thermodynamic properties of oxygen 
in these alloys were calculated. The partial molal free energy of 
oxygen in the range of solid solution in these alloys drops, first 
slowly, then exponentially to more negative values with decreasing 
oxygen content. The curves show a distinct break at phase bound- 
aries. The curves for hafnium are at more negative values than 
those for zirconium which, in turn, are more negative than that for 
titanium. The affinity of oxygen increases from titanium, to zir- 
conium, to hafnium. 
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Oxidation of Iron in Carbon Dioxide—Carbon Mon- 
oxide Atmospheres: W. W. Smeltzer, McMaster 
University. 


The linear formation rates of wustite films on iron in carbon 
dioxide—carbon monoxide atmospheres have been determined over 
the temperature range of 590 to 1030°C using a vacuum micro- 
balance technique. These rates, which are dependent directly on 
partial pressures of carbon dioxide, are determined by one of two 
reaction steps at the oxide/gas interface; namely, dissociation of 
carbon dioxide to yield chemisorbed oxygen, or incorporation of 
oxygen into the wustite lattice. The data have been compared to 
results on linear scaling rates in carbon dioxide and oxygen at- 
mospheres. The activation energies of oxidation are equivalent to 
dissociation energies of carbon dioxide and oxygen, or the ac- 
tivation energy for vacancy diffusion in wustite. 


Mechanism of Oxidation of Iron in CO-CO, Mix- 
tures: Frederick Pettit, Robert Yinger, and J. B. 
Wagner, Jr., Yale University. 


The oxidation of iron in CO-COs mixtures in the temperature 
range of 850 to 1100°C has been studied. Above about 900°C and 
for oxide thicknesses below 1.9 10-* cm, a linear oxidation rate 
is found. This linear behavior is due to a phase-boundary reaction. 
Prof. Carl Wagner has proposed a mechanism for this reaction 
which involves the dissociation of COs into CO and adsorbed oxy- 
gen atoms or ions as the rate-determining step. According to this 
mechanism. the oxidation rate is a linear function of the mole 
fraction of CO» and the sum of the partial pressures of CO and 
CO,. Experiments in the temperature range of 925 to 1075°C and 
for oxide thicknesses not exceeding about 1.9 x 10° cm have 
confirmed the proposed mechanism. Above this limiting thickness, 
there is a large increase in surface area because of the formation 
of filamentary growths. This phenomenon has so far precluded a 
rigorous test of the proposed mechanism. 


Oxidation of Ni-Rich Cu-Ni Alloys: J. A. Sartell and 
C. H. Li, Minneapolis-Honeywell Regulator Co. 


The oxidation of Cu-Ni alloys in the composition range from 
60 pct Ni to high-purity Ni has been studied using X-ray diffrac- 
tion, metallographic, gravimetric and inert marker techniques. 

The constitution and microstructure of the oxides on alloys con- 
taining 70 pct or less Ni are markedly different from those on 
alloys containing more than 70 pet Ni. At 70 pct Ni or less, the 
scale is made up of an outer layer of CuO and an inner layer which 
consists of NiO particles dispersed through a CuysO matrix. There 
is also a subscale consisting of NiO particles in an alloy matrix. 
Alloys which contain more than 70 pct Ni develop a scale which 
was found by metallographic examination under polarized light 
to be made up of two distinct layers. X-ray diffraction showed no 
difference between these layers, both of which were made up of 
CuO and NiO. No CwO was dtected. On these alloys a subscale 
layer was not formed. 

On alloys of 70 pct Ni or less, the inert markers were always 
found at the interface between the CuO layer and the (CuO 

NiO) layer after oxidation. This indicates that the CuO forms 
by cation diffusion while the CuxO + NiO layer grows by a 
process of anion diffusion. On alloys containing more than 70 pct 
Ni, and also on pure Ni, the inert markers are found at the 
boundary between the two layers mentioned above. In this par- 
ticular case the significance of the position of the marker is not 
altogether clear. 

At the same composition (70 pct Ni) there is also a change in 
the rate constants as determined from gravimetric data. These 
three sets of observations will be correlated. 


Oxidation Characteristics of Cb Alloys Containing 
W, Mo, Ti, and Al: W. H. Chang, General Electric 
Co. 


This paper is concerned with the oxidation characteristics of 
Cb-base alloys containing singular or combined additions of W, 
Mo, Ti, and Al. Data are presented to show the individual effects 
of these elements as well as their interactions on the scaling and 
contamination resistance of Cb alloys. In addition to the effect of 
composition, results are analyzed to illustrate the dependence of 
scaling and contamination rates on temperature and time. This is 
followed by a discussion on some aspects of the oxidation mech- 
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anisms and principles in alloy development for oxidation resistance. 
Electron microscopic examination results are included to show 
the nature of contamination and scale-metal interface structures. 


Dispersed Phase Alloys of Aluminum and of Silver: 
H. R. Peiffer, RIAS 


The high temperature strengths of composite aluminum-alumina, 
aluminum-thoria, aluminum-304 stainless steel, and silver-alumina 
were studied. The matrix metals of aluminum were of high com- 
mercial purity powders—325 mesh in size. The silver matrix mate- 
rials were prepared by using silver oxide initially then subse- 
quently reducing it to silver. The dispersed phases of alumina, 
thoria, and 304 stainless steel were mixed in various concentra- 
tions and particle sizes with the matrix material by using ordinary 
food blender or ball milling techniques. 

The shape of the strength-temperature curves was greatly in- 
fluenced by the type and amount of dispersed phase. The strengths 
of the materials containing stainless steel were relatively insensi- 
tive to amount and particle size of the dispersed phase 

An interesting aspect of the higher alumina content, Ag-alumina 
alloy was its resistance to temperature up to and above the melt- 
ing point of silver. The material containing 15 to 20 wt pct 
alumina in silver did not flow in the usual sense of a molten metal 
even at 1200°C. The alumina appears to increase the viscosity of 
the molten metal to a very great extent. It is felt that this property 
arises from a very strong bond between the molten silver and the 
alumina. 


Equilibrium Study of Magnesium Reduction of 
Uranium Dioxide in Bismuth Matrix: R. E. 
Balzhiser, E. E. Hucke, and D. V. Ragone, Univer- 
sity of Michigan. 


The reduction of uranium dioxide by magnesium according to 
the reaction 2Mg + UOs > U 2MgO has been shown to take 
place in a molten bismuth environment. The equilibrium constant, 

Cu 
K. 

excess uranium dioxide with a Bi-Mg solution and measuring the 
equilibrium concentration of magnesium and uranium. The values 
of Ke. computed were then used to calculate the ratios of the ac- 
tivity coefficients for uranium and magnesium in bismuth by means 
of the following relationship: 


. was calculated at different temperatures by contacting 


i, 
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Study of the Effect of Arsenic on the Reduction of 
Tungstic Oxide: J. M. Laferty, Jr., Sylvania Elec- 
tric Products, Inc. 


The paper covers the effect of arsenic on the rate of reduction 
of tungstic oxide. Areas investigated included methods of doping 
with arsenic during the reduction of tungstic oxide, the effect of 
time and temperature of firing arsenic-doped tungstic acid to 
tungstic oxide, and the effect of different arsenic compounds as 
doping agents. The doped oxides were reduced in a single tube 
furnace in a hydrogen atmosphere and the effects measured in 
terms of the particle size of the tungsten powder produced. Re- 
sults are discussed from the standpoint of arsenic’s effect on the 
rate of reduction, most effective process point for doping, and the 
effect of tungstic oxide firing temperature on the rate of reduction 
to metal powder. 


Study of the Effect of Impurities on the Reduction of 


Tungstic Oxide: P. C. Fisher, Jr. and J. M. 
Laferty, Jr., Sylvania Electric Products, Inc. 


The effect on the speed of reduction of tungstic oxide to tungsten 
metal in the presence of controlled amounts of impurities is 
discussed. Tugsten oxide samples were doped by several different 
methods with compounds of the following elements: Al, As B, Ca, 
Cr, Mn, Mo, Ni, P, Pb, Si, and Sm. These doped oxides were 
reduced to metal powder in a small laboratory tube furnace. The 
particle size of the tungsten powder was measured by a Fisher 
Sub-Sieve Sizer and this value used as a basis for determining 
the speed of reduction of the sample. 
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9:00 to 12:00 m, Ballroom 
Symposium on Current Practices in the Melting 
and Casting of Non-Ferrous Metals 


(Sponsored by IMD Non-Ferrous 
Metallurgy Committee) 
Chairmen: W. T. Battis, American Smelting and 
Refining Co., and E. V. Blackmum, Aluminum 
Co. of America. 


Melting and Casting of Zinc at Trail, B. C.: J. M. 
Buchanan, Consolidated Mining and Smelting Co. 
of Canada, Ltd. 


A brief description of the S.I.C.E. low frequency induction fur- 
naces and the Sheppard straight line casting machines is fol- 
lowed by a description of their operation. The benefits derived from 
the elimination of oil-fired reverberatory furnaces are listed. The 
continuous casting of normal grades of slab zinc and special grades 
of zinc made to meet customer specifications are described. The 
main advantage of the equipment are summarized. Sampling and 
analytical techniques were changed following the streamlining in 
operation. 

Current Practices in the Melting and Casting of Cop- 
per Alloys: P. H. Kirby, The American Brass Co. 
Melting and Casting Nickel Alloys: C. G. Bieber, In- 

ternational Nickel Co. 

Gas and Its Control in the Casting of Aluminum: 

Donald La Velle, American Smelting and Refining 


Co. 
Factors Affecting the Structure of Continuously Cast 


Slabs of Aluminum: Dieter Altenpohl, Aluminum 
Foils, Inc. 


A survey is given over different variables prior and during cast- 
ing operation which influence the slab quality, and the mechanism 
is described how the as-cast structure is reacting on these vari- 
ables during solidification. The behavior of oxides on the surface 
of the liquid aluminum, together with presolidified particles 
pancakes, is described prior and during solidification. The influence 
of the distribution of the liquid aluminum into the mold and into 
the solidification zone is discussed regarding generation of large 
feather crystals (consisting of parallel twin crystals). The influence 
of casting conditions on bleeding, segregation, and shrinkage holes 
underneath the surface is described (rippled molds versus pol- 
ished molds, influence of level in mold, casting speed, and alloy 
composition). The influence of solidification rate on ingot segre- 
gation and coring is to be discussed. Comparison of slabs con- 
tinuously cast in a thickness between 10 and 16 in. is described 
versus material cast in a thickness of 1 in. or below regarding 
segregation and coring. Measuring of the liquidus temperature of 
residual melt solidified at grain boundaries is discussed. Practical 
consequences of segregation and shrinkage in slabs of commercial 
pure aluminum or super-purity aluminum are discussed. 


9:00 to 12:00 m, Constitution Room 
Recovery, Grain Growth, and Textures, I 


(Session Based on Submission of 
Research Abstracts) 
Chairmen: George Wiener, Westinghouse Electric 
Corp., and E. S. Fisher, Argonne National Lab. 


Recovery of the Extra-Resistivity of Cold-Worked 
Cadmium from 100°K to 273°K.: H. R. Peiffer 
and F. R. Stevenson, RIAS 


The increase in electrical resistivity at 78°K for cadmium (99.99 
pet pure) cold-worked at 298°K showed an increase in resistivity 
that saturated after 11 pct elongation. On the other hand the mate- 
rial deformed at 78°K showed an increase in resistivity that was 
linear with elongation up to 14 pct elongation. For the room tem- 
perature deformation a 5 pct increase was observed after a 13 
pet elongation and for the 78°K deformation a 26 pct increase was 
observed after a 14 pet elongation. 
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The resistivity recovery above 100°K was studied after deform- 
ing at 78°K. Three zones of recovery were noted. The first zone 
occurred from 100 to 170°K and the activation energy for recovery 
was found to be 0.1 ev. The second zone occured from 170 to 
207°K with an activation energy of 0.2 ev. The third recovery 
stage occurred above 0°C and is attributed to recrystallization. 

The second stage recovery is attributed to vacancy recovery 
and indicates an energy of vacancy formation of around 0.6 ev. 
This latter figure was determined by subtracting from the self 
diffusion activation energy for cadmium the 0.2 ev for activation 
energy for vacancy motion as determined in these experiments. 

An attempt was made to determine the activation energy for 
vacancy formation in cadmium using the method employed by 
MacDonald on the alkali metals. This method yielded an energy 
of formation agreeing very nearly with 0.6 ev. A crude approxi- 
mation was made by making a plot of formation energies for vari- 
ous metals as a function of melting point. The curve thus obtained 
again yielded an energy of formation around 0.6 ev. The authors 
plan to check the formation energy still further by performing 
some quenching experiments. 

The mechanism for the first stage recovery still has not been 
determined. It is believed, however, to be caused by some type of 
vacancy complex. 


Effect of Rolling Procedure on the Kinetics of Re- 
crystallization of Cold-Rolled Iron: J. T. Michalak, 
US Steel Corp., and W. R. Hibbard, Jr., General 
Electric Co. 


Studies were made of the effects of the following variables on the 
recrystallization of cold-rolled common iron: a) straight-rolling, b) 
cross-rolling, c) time of recrystallization, d) temperature of recrys- 
tallization, e) apparent nucleation frequency, f) growth rate, and 
g) preferred orientation. 

The results indicate significant effects; but no new leads regard- 
ing the mechanism of recrystallization, control of textures or the 
formation of new textures were discovered. 


Preferred Orientation Resulting from Simple Shear: 
R. O. Williams, Cincinnati Milling Machine Co. 


Preferred orientation of the lattice takes place rapidly during 
the simple shearing of copper and other FCC metals, being es- 
sentially complete at a strain of 2. The precise texture is not 
simple and depends upon the initial texture but perhaps the ma- 
terial can be described approximately as duplex with the (100) 
and (111) planes parallel to the shear plane and the [011] and 


{112} directions parallel respectively to the shear direction. It was 
shown that both orientations arise within the same region of a 
single grain and result from the formation of deformation bands, 
some of which may be as thin as 0.2 w. These results are fairly 
consistent with fiber, rolling, and compression textures when the 
proper consideration is given to the symmetry of the shear in 
these cases. It is evident that Barrett was correct in believing that 
deformation bands were intimately connected with textures. Ad- 
ditionally, duplex textures appear as a natural result of deforma- 
tion of polycrystals and appear to be stable. 


Kinetics of the Energy Release from Deformed 
Metals and Alloys: R. O. Williams, Cincinnati 
Milling Machine Co. 


It has been found that the magnitude of the time dependent 
energy released from metals deformed at room temperature in- 
creases with the melting point of the metal and the alloy content. 
The process is characterized by a monotonicly decreasing rate, 
changing by as much as 10* from 0.01 to 100 min after deforma- 
tion, The release appears similar, but not identical, for all metals 
studied, and appears complex in that it is not characterized by a 
simple law nor does it have a single activation energy. For any 
particular material the magnitude of the release is proportional to 
the mechanical energy used in the deformation and not propor- 
tional to the strength or the amount of energy stored, and can 
amount to 10 pet of the supplied energy or 30 pct of the stored 
energy. The nature of the process, or processes, is not known but 
is presumably associated with the movement of dislocations. 


Polygonization of 31 pct Alpha-Brass: V. Y. Doo, 
International Business Machines Corp. 


Crystals of 31 pct a-brass grown by melting high purity copper 
and zine together were used in this investigation. Single crystals 
bent within, as well as, slightly beyond the single slip region were 
polygonized to form dislocation walls perpendicular to the major 
set of slip planes after a final anneal of one to two hours at 700° to 
750°C. Bent polycrystalline specimens having very high disloca- 
tion densities in all sets of active slip planes were polygonized to 
form subgrain boundaries after a similar anneal. 
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Even though the stacking fault energy of a-brass is likely to be 
lower than that of the copper, the former polygonized at a relative 
lower temperature. The present results contradict the earlier postu- 
lation that the dislocations in the crystals of low stacking fault 
energy, which causes wide separation between two partial dislo- 
cations, must first combine in order to climb. However, Barnes pre- 
dicted that a dislocation will climb even when it is dissociated 
although then it will climb less readily. The present results sub- 
stantiated Barnes prediction. It is believed that this was caused 
primarily by the high self-diffusivity of the a-brass. 


Subgrain Growth and Softening in Rolled Aluminum 
Crystals: B. G. Ricketts, University of Illinois, A. 
Kelly, Cambridge University, and P. A. Beck, Uni- 
versity of Illinois. 


Subgrain sizes were determined by means of transmission elec- 
tron microscopy for a high purity aluminum crystal, cold rolled 
80 pet in the (110)[112] orientation. The as-rolled crystal had a 
subgrain size of approximately 1.24. This value increased on iso- 
thermal annealing, particularly at 300 to 400°C. The largest value 
measured was 2.74. Isothermal softening and subgrain growth (as 
determined by electron microscopy) were found to have similar 
kinetics, in that both varied linearly with the logarithm of time. 
The correlation of hardness, H, with subgrain size, t, was found 
to be roughly consistent with the relationship H = B/t'/%. 


Recrystallization of Cold Drawn Sintered Aluminum 
Powder: E. J. Westerman, General Electric Co., 
and F. V. Lenel, Rensselaer Polytechnic Institute. 


The recrystallization behavior of two extruded and cold drawn 
experimental sintered aluminum powder alloys was compared 
with that of extruded and cold drawn commercially pure alumi- 
num. The mode of recrystallization of the two SAP-type alloys 
differed very much from that of commercially pure aluminum. 
Both the AT400 alloy with 1.75 pct oxide and the MD2100 alloy 
with 3 pct oxide nucleated strain free grains in the center of the 
extrusions with the grains growing most readily in the direction 
of wire drawing and much more slowly in the radial direction. 
Nucleation at the center and growth longitudinally and radially 
was the only mode of recrystallization for the MD2100 alloy, but 
the AT400 alloy at temperatures of 450°C and above also nucleated 
grains at the surface of the drawn wire which grew most readily 
longitudinally, less readily in the circumferential direction and 
slowest in the radial direction. 

The kinetics of recrystallization of the two SAP type alloys was 
described quantitatively in terms of rates of nucleation and rates 
of growth. The dependence of these rates upon the radial distance 
from the center of the wire and upon the temperature were de- 
termined. The resistance of the aluminum alloys to recrystallization 
as well as the temperature dependence of these rates increased as 
the aluminum oxide dispersion spacing decreased. 


Effect of Impurities on the Recrystallization of Tan- 
talum: M. A. Cocca, General Electric Co. 


The recrystallization of tantalum has been observed over a tem- 
perature range of 1200 to 1400°C. This study was undertaken to 
attempt to correlate the recrystallization behavior with varying 
amounts of oxygen, nitrogen and carbon. 

Samples were studied having a range of analyses. In some cases 
the samples contained only one predominant impurity element and 
in others a combination of the three elements. Recrystallization 
treatments were made holding time constant and varying tem- 
perature. Metallographic and hardness surveys were used to 
measure the effect of impurities on hardness and recrystallization 
of the materials. 

Experimental results are discussed and various mechanisms are 
considered which may explain the behavior of the samples. A 
general correlation between amounts of total impurities and re- 
crystallization temperature, grain size and physical properties, is 
presented and discussed. 


Migration of Grain Boundaries in Zone Refined Lead 
Containing Very Dilute Additions of Silver and of 
Gold: K. T. Aust and J. W. Rutter, General Elec- 
trie Co. 


The migration of individual, large-angle grain boundaries has 
been studied as a function of temperature and solute concentration 
in specimens of zone refined lead containing very small additions of 
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silver and of gold. The results are compared with various theo- 
ries of grain boundary migration and with observations made pre- 
viously of grain boundary migration in similar specimens of zone 
refined lead containing tin additions. 

The quantitative observations are in disagreement with the group 
process theory of grain boundary migration as well as with theo- 
ries of boundary migration based on volume diffusion of the solvent 
or solute atoms. The results support the concept that the ele- 
mentary process of grain boundary migration involves the activa- 
tion of one atom at a time. 

Silver and gold additions were found to be much more effective 
than tin in reducing the migration rate of large-angle grain bound- 
aries. Whereas tin additions reduced the migration rate of certain 
types of large-angle much less than others, this selective effect 
was absent in samples containing silver or gold additions. It is 
concluded, therefore, that the effect of solute is dependent not only 
on the type of large-angle boundary under study and the amount 
of solute present but also on the type of solute present. These ob- 
servations are discussed in terms of a grain boundary-solute in- 
teraction. 

Direct evidence was obtained that a medium-angle grain bound- 
ary has a lower mobility than a large-angle grain boundary. 


Swelling of Irradiated Alloy Fuels During Post Ir- 
radiation Annealing: W. V. Johnston, General 
Electric Co. 


The neutron irradiation of a fissile material, if carried out long 
enough or at a high enough temperature invariably results in a 
gross dimensional instability or swelling. The primary cause of 
these changes is believed to be the formation of bubbles or gas 
pockets within the fuel by the precipitation of the inert gases, kryp- 
ton and, xenon, which are produced as a result of the fission proc- 
ess. The object of this study has been to follow the course of this 
swelling by heat treatment of previously irradiated material and 
observing the effects of time, temperature and burnup as they are 
indicated by microstructural and physical property changes. The 
electron microscope was used in addition to the metallograph. Low 
weight percent uranium-zirconium alloy with a burnup range from 
0.1 to 1.4 at. pet burnup of the total core atoms was used and the 
annealing covered temperatures between 425 and 620°C. 

Metallographic changes and gas bubble formation at the phase 
boundaries were observed optically at temperatures as low as 
510°C. The electron microscope revealed pores of sizes from 0.015 
to 0.4 w within the major phase. The number and size of the bubbles 
were observed to be dependent on the amount of swelling and 
whether or not there was a cladding constraint on the fuel. 

The volume changes produced by the annealing appeared to 
divide the samples into two groups; one group that was annealed 
at 620°C swelled 35 pct or greater, and a second group which 
swelled only 10 pct that contained all the samples at 510°C and the 
low burnup samples as high as 595°C. 

The percent of gas present that was released during the annealing 
varied from 0.01 pct to greater than 50 pct. The amount of gas re- 
leased at 620°C was greater than would be predicted from an ex- 
ponential dependency upon temperature. 

The information obtained in this study demonstrated the presence 
of microscopic gas pockets in irradiated fuel, but also indicated 
that in this two phase alloy the gross swelling is due to bubble for- 
mation at the phase boundaries caused either by crystallographic 
changes in the second phase of the alloy that helps the small bub- 
bles to grow together or due to the phase boundaries providing 
vacancies that enhance the precipitation process. 


9:00 to 12:00 m, Cotillion Room 


Theory and Observations of Imperfections 


(Session Based on Submission ef 
Research Abstracts) 


Chairmen: F. L. Vogel, Jr., Radio Corp. of America, 
and C. S. Barrett, University of Chicago 


Dislocation Etch Pits and Plastic Deformation in 
Copper Single Crystals: J. D. Livingston, General 
Electric Co. 

Using a reagent that reliably reveals dislocation sites as etch 
pits, Johnston and Gilman have gained considerable understanding 
of the fundamentals of plastic deformation in LiF crystals. Similar 
work on crystals of FCC metals could be of great interest, in view 


of the prominence of these materials in current theories of plastic 
deformation and work hardening. Lovell and Wernick have re- 
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cently made this possible by the discovery of an etch that reveals 
dislocations as pits om (111) faces of copper crystals without 
apparent need for decoration. 

A simplified version of their etch has been found to be a more 
dependable and useful tool for the study of plastic deformation 
in copper. With the use of a double etching technique analogous 
to that used by Johnston and Gilman the motion of dislocations 
under stress can be studied 

Rectangular single crystals of high purity A. S. & R copper 
have been grown with several different axial orientations and (111) 
as one of their lateral surfaces. Bend tests and tensile tests have 
been made in conjunction with etch pit observations. Information 
on the distribution and density of dislocations as a function of 
strain, and the relevance of these data to current theories of de- 
formation in FCC metals will be reported. 


Dislocation Networks in Zine Crystals: V. V. Dami- 
ano, The Franklin Institute. 


Dislocation networks are being studied in cadmium-doped high 
purity zine crystals grown from the melt. Crystals which exhibit 
a constitutionally supercooled substructure at a decanted interface 
are etched to a depth of several millimeters behind the interface 
the reveal the formation of polygonized dislocation walls—similar 
walls can be developed in zinc by bending and subsequent annealing 
at elevated temperatures. The results suggest that dislocations are 
introduced during solidification to accommodate the lattice strain 
induced by the inhomogeneous distribution of impurities as pro- 


posed by Tiller and that networks form after thermal activation by 


a climb mechanism 

A technique has also been devised to study the formation of dis- 
location etch pits during bending. Observations are made and re- 
corded on film while the specimen is strained and etched at the 
same time. Cinephotomicrographs reveal the formation of piled 
up dislocations along the slip plane as a function of the applied 


strain. 


Mobility of Edge Dislocations in Silicon-Iron Crys- 
tals: D. F. Stein and J. R. Low, Jr., General Elec- 


tric Co. 


The velocities of unpinned edge dislocations in 3% pct Si-Fe 
have been measured as a function of stress over a range of five 
orders of magnitude in velocity from 10-* to 10-* cm per sec. The 
velocity has been found to be very sensitive to the applied stress 
in this velocity range. Measurements of velocity as a function of 
stress have been made for four temperatures in the range 78 to 
373°K. It has been found that over this range of temperature, the 
yield stress changes with temperature in the same way as the stress 
to produce a constant velocity of dislocation motion. From this 
result it is concluded that the rise in yield stress at low tem- 
peratures exhibited by this silicon iron is due primarily to an 
increase in the lattice resistance to dislocation motion and not to 
an increase in the Cottrell locking force. Preliminary experiments 
on pinned dislocations suggest that there may also be an effect 
of temperature on the strength of pinning by impurities which 
would be superimposed on the increase in lattice resistance with 
decreasing temperature. 


Study of Individual Dislocations in Alpha Brass: J. 
D. Meakin and H. G. F. Wilsdorf, The Franklin 
Institute. 


The dislocation structure of annealed and lightly deformed 
a-brass has been studied using a high resolution etching tech- 
nique. It was found possible to reveal the point of intersection of 
a dislocation with crystal surfaces of any orientation irrespective 
of the character of the dislocation. Under favorable conditions 
dislocations only 500 A apart could be resolved, and over many 
areas a dislocation density of about 10° per sq cm could be 
counted, The following fundamentally significant observations have 
been made. Dislocations in isolated pile-ups follow the spatial 
distribution expected theoretically, thus directly confirming that 
the stress of a dislocation varies inversely with distance. Micro- 
graphic evidence cf slip activity on secondary systems was ob- 
tained even for non-symmetrically oriented crystals strained to only 
1 or 2 pet in tension. Furthermore, these micrographs furnished 
direct evidence of barrier formation at the intersection of two 
slip systems. Finally it has been possible to estimate the frictional 


force acting on a dislocation in a-brass and to show that the 
experimental result is in accordance with the theoretical estimates 


of Suzuki. 
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Observation of Dislocations in Aluminum by X-Ray 
Extinction Contrast: J. M. Lommel, General Elec- 
tric Co. 


Newkirk has recently revived interest in the use of the Berg- 
Barrett X-ray technique as a means of studying the structure of 
single crystals. By use of high resolution photographic materials he 
has extended the usefulness of this technique from the observation 
of sub-boundaries down to the observation of individual disloca- 
tions. He observed dislocations im lithium crystals and decorated 
dislocations in silicon iron. 

By increasing the resolution over that obtained by Newkirk, it 
has been possible to reveal dislocations in aluminum by X-ray ex- 
tinction contrast. Sub-boundaries, polygon boundaries, and under 
favorable circumstances, the individual dislocations in these bound- 
aries were seen in X-ray diffraction micrographs. Slip bands and, 
under certain conditions, the dislocations in them w~ revealed. 
It was shown that the sample need not be heat trea..au in order 
to make the dislocations observable. From the orientation depend- 
ence of the reflected intensity from a dislocation, the Burgers 
vector of the dislocation was deduced. 

The increase in resolution which permitted the observation of 
dislocations in aluminum was accomplished by use of a semi-micro 
focus Hilger-Watts X-ray unit. A line source of X-rays was used 
to decrease the divergence in the beam incident on the surface of 
the crystal. The geometrical factors affecting resolution were an- 
alyzed; a resolution of approximately a micron was obtained. 

The samples which were used in this investigation were single 
crystals of 99.993 pct Al prepared by the strain-anneal method. A 
study of the dislocation content and distribution was made in the 
as-grown, bent, and annealed conditions. 


Dislocations and Sub-boundaries in Metal Crystals 
Grown from the Melt: C. Elbaum, Brown Univer- 
sity. 


Metal crystals (Al) with dislocation densities as low as 10* lines 
per sq cm have been produced by growth from the melt. The dis- 
location densities and arrangements were studied by an X-ray 
diffraction method recently developed by A. R. Lang. 

A detailed examination of these crystals shows that below a cer- 
tain dislocation density the dislocations remain in a random net- 
work and do not form subboundaries. It is suggested that subbound- 
ary arrays of dislocations form only when a certain minimum dis- 
location density is present. It follows that the distances between 
dislocations, at which mutual attraction becomes negligible, can be 
calculated from the dislocation densities for which subboundary 
arrays are first observed. 


X-Ray Measurement of Stacking Faults (SFs) in 
Deformed Cu-Si Wires: D. H. Felter and H. M. 
Otte, RIAS 


In order to be able to correlate directly electrical resistivity and 
mechanical properties with stacking faults (SFs) which may be 
present in metals as a result of heat-treatment or deformation, 
it is necessary to make all measurements on the same sample. A 
wire specimen is the most appropriate shape to use for this pur- 
pose. However in measuring SFs in deformed wires by X-rays, 
problems are encountered which do not arise in the methods cur- 
rently applied to powder specimens. Some of these problems have 
been overcome by modifications to the commercial SPG used for 
the investigation and by employing monochromatic Cu Ka radia- 
tion. The experimental arrangement and method of analysis will 
be described briefly and results presented to show the effect of 
deformation on the lattice parameter and SF density. Some theo- 
retical difficulties and preferred orientation in the wire will also 
be discussed. 


On Dislocation Formation By Vacancy Condensation: 
G. Schoeck and W. A. Tiller, Westinghouse Elec- 
tric Corp. 


The mechanism of dislocation loop formation by vacancy con- 
densation is examined in a quantitative manner. The critical va- 
cancy supersaturation necessary for the growth of the loops and 
the climb rate of the dislocations are determined. It is shown that 
the mechanism for lineage formation based upon loop growth pro- 
posed by F. C. Frank is inapplicable. The number of dislocation 
loops produced by collapsing vacancy discs is calculated as a 
function of the cooling rate, cooling range and dislocation density 
existing in tht crystal before cooling. 
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Contribution of Dislocation Line Tension and the 
Density of the Solute Atmosphere to the Yield 
Point in Strain Aged Ingot Iron: T. Mura and J. 
O. Brittain, Northwestern University. 


An investigation was made of the 77°K yielding behavior of 
ingot iron specimens that had been prestrained and aged while 
under stress at 303°K. It was observed that the presence of a 
yield point at 303°K after a strain aging treatment does not 
result in a yield point at 77°K until the strain aging treatment is 
prolonged so as to result in an increase in the 303°K yield point 
of about 20 pct. The sharpness and magnitude of the yield point 
at both 303°K and 77°K increased with an increase in the aging 
time and or an increase in the stress which was maintained upon 
the specimen during the aging treatment. The observations of the 
effect of the aging time and aging stress are discussed in terms 
of the contribution of the dislocation line tension and solute 
atmosphere density along the dislocation. 


Effect of Orientation and Pre-Strain on the Delay 
Time of Aluminum Single Crystals: I. R. Kramer, 
RIAS 


In a previous publication, a delay time for the initiation of plastic 
flow was found in copper and aluminum single crystals which had 
been compressed before impacting in the delay time apparatus. 
During the investigation, aluminum crystals which had been used 
had an orientation near the [100] pole of the standard stereo- 
graphic projection. This work has been continued on aluminum 
single crystals with a soft orientation, that is crystals which should 
have a long range of easy glide. Using the equation 


where U, is the energy necessary for the dislocations to surmount 
the barrier in the absence of the applied stress, ca is the reduction 
of Us in the presence of a stress co, and a is a proportionality con- 
stant. The values for Uo were found to be independent of orientation 
and pre-strain while a was dependent on both of these parameters. 

These values are: Crystal A near [100]; Us 0.14 ev; a . 
x 10-** cu cm, Crystal B soft %2 pct compression; Uo 0.15 ev; 
a 510. x lu-** cu cm, Crystal C soft 2 pct compression; Uy = 0.15 
ev; a 340. x 10-** cu cm. A metallographic examination showed 
slip lines from all four {111} planes in crystal A, while only one 
slip system was found in crystals B and C. Considering the activated 
volume v = bdl¢ where b is the Burgess, d is the distance travelled 
by the moving dislocation in surmounting the barrier and l, the 
average distance between forest dislocations or possible other lock- 
ing points and that the barriers to slip are due to Lomer-Cottrell 
locks, v may be expected to increase as the number of active slip 
systems decreases and decrease as the compression increases. The 
data for a follow this general direction, but its magnitude seems too 
small to be interpreted in terms of distance between forest disloca- 
tions. Eq. [1] may be written as 


{2] 


e 
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where Uo’ is the energy required for the formation of constrictions 
plus the energy for the formations of jogs or kinks, c, the average 
opposing internal stress in the slip direction. From Eq. 1 and 2, 


Uo — [3] 


v=a [4] 
Further, 
U = U,’ v (o-dg) 
where U is the activation energy. 

Since Uo is constant with both orientation and pre-strain and v 
changes, U»’ will change accordingly. However, because both v and 
@» are small, this change will be of the order of 10-* to 10~ ev for 
the crystals studied thus far. 

The energy activation U can change appreciably, especially under 
the dynamic tests employed during this reseach. The values for v ¢ 
may be of the order of 10-* to 10-' ev depending upon the stress 
level. 

The conclusions reached are that under dynamic conditions, acti- 
vated volume and activation energy change with orientation of the 
crystal and the amount of pre-strain. In contrast, data obtained by 
other investigators from creep and static stress-strain flow curves 
indicate that these parameters are independent of both orientation 
and pre-strain. 
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9:00 to 12:00 m, Embassy Room 


Symposium on Powder Metallurgy 
(Sponsored by IMD Powder Metallurgy Committee) 


Chairmen: G. L. Bibbins, Norton Co., and 
Harold Hirsch, General Electric Co. 


Molecular Processes at the Gas-Metal Interface: 

Gert Ehrlich, General Electric Co. 

Clean metal surfaces interact rapidly with a gas atmosphere. The 
steps involved in this interaction—adsorption, reaction, surface 
diffusion, and desorption are discussed for simple diatomic mole- 
cules, and the dependence of the kinetics and energetics of these 
processes on the nature of the metal surfaces is outlined. 


Effects of Oxide Films on the Sintering Behavior of 
Metal Powders: H. H. Hausner, Consultant. 


Practically all metal powder particles are covered with an oxide 
film which is characterized by the type of the oxide, the thickness 
of the film, and the bond strength between the film and the particle 
surface. These characteristics of the film are determined by the re- 
activity of the particle and the conditions under which oxidation 
of the particle occurs. Before sintering, the oxide film can play an 
important role in the powder metallurgy manufacturing process, 
because it lowers the friction conditions between the powder par- 
ticles and acts somewhat as a lubricant which results in improved 
flow quality of the powder and the powder compactability during 
pressing. 

The effects of the oxide films during sintering depend on whether 
the film remains on the particle surface, in which case the rate of 
sintering is considerably delayed; or whether the film fractions 
into many small oxide particles, which may delay the sintering 
process only to a small extent, but greatly affect the grain struc- 
ture; or whether the oxide film dissolves into the metal, in which 
case the physical properties of the sintered material are greatly 
affected; and, finally, whether the film can be reduced during 
sintering in a reducing atmosphere, in which case the change 
from the oxide crystal to the metal crystal usually accelerates the 
sintering process 

Examples for all these various types of oxide films are given, 
and their effects on the sintering action, as well as on the physical 
properties of the sintered product are discussed. 


Equilibrium Phenomena Between Gases and Solid 
Surfaces in Sintered Metals: Michael Eudier, La 
Metallurgie Francaise des Poudres Metafram. 


The paper is a short historical account and an abstract of French 
researches on the influence of some physico-chemical equilibria into 
sintered bodies. An important part is devoted to reduction-oxidiza- 
tion equilibria for iron, nickel, copper, and also to other equilibria 
with halogeneous acids. Mention is made of the influence of the 
size of the grains and especially of ultra-fine powders which can be 
sintered at room temperature and purified by these equilibria. 


Powder Metallurgy Special Luncheon 


Time: 12:15 pm, Thursday, November 5 
Hollywood Room 
$4.00 


Purchase at Registration Desk 


Place: 
Price: 


Tickets: 


2:00 to 5:00 pm, Ballroom 


Research Summaries Concerned with Non-Ferrous 
Melting and Casting 
Chairmen: J. T. Eash, International Nickel Co.., 
and J. W. Frederickson, Dow Chemical Co. 
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Vacuum Induction Melting of Mg-Li Alloys: R. J. 
Jackson, T. G. Byrer, and P. D. Frost, Battelle 


Memorial Institute. 


Induction melting in an inert atmosphere appears to offer 
promise as a commercial method for the production of magnesium- 
base alloys. In recent work at Battelle, 10-lb heats of magnesium- 
lithium alloys were successfully melted and cast in a conventional 
vacuum-induction furnace to produce experimental alloy ingots 
2x 6 x 10 in. 

A preliminary open-air melt made in a conventional furnace 
showed that induction melting of magnesium is feasible. As an 
iron crucible is best for melting magnesium, a technique was de- 
veloped to induction heat the crucible which, in turn, heated the 
contained charge 

Following this technique, experimental heats containing up to 
14 pet Li were melted and cast at 1250 to 1300°F under an argon 
atmosphere at a reduced pressure of 100 mm Hg. Ingots were 
poured using a casting procedure similar to ferrous casting. That 
is, the melt was poured directly into a stationary mold by tilting 
the furnace containing the crucible and melt. No special precau- 
tions were used to attain directional solidification of the ingots. 

Except for surface defects, which required substantial ma- 
chining to prepare the ingots for rolling, the alloy properties 
compared favorably with those melted and cast in air. A more 
elaborate casting cycle designed to minimize turbulence during 
the pour should improve ingot surface quality. 

This method for melting and casting magnesium-base alloys 
offers several benefits. Not only did induction melting permit 
faster heating rates, it also eliminated the adverse effects some- 
times caused by absorption of combustion gases in the melt during 
gas heating. In addition, melting and casting magnesium-base 
alloys in an inert-gas atmosphere eliminates the need for a pro- 
tective elting flux. In open-air melting of magnesium, the en- 
trapment of fluxes can result in poor corrosion resistance. Sim- 
ilarly, the inert-gas atmosphere provides increased safety while 
handling highly reactive materials such as magnesium and its 


alloys. 


Effect of Production Variables on the Quality of 
Light Alloy Castings: J. W. Meier, Dept. of Mines 
and Technical Surveys, Ottawa, Canada. 


In connection with the growing trend to replace time- and 
manpower-consuming fabricated assemblies by high-quality light- 
weight castings, more and more attention is being paid to a de- 
tailed evaluation of the effects of various production variables on 
the properties of aluminum-base alloy castings. 

It is proposed to discuss some of these variables connected with 
alloy composition (purity of metals used, effects of impurities and 


small alloying additions, gas content, sensitivity to small varia- 
tions of alloy content within specified range), melting procedure 
‘time and temperature, degassing, grain refining, etc.), casting 


conditions (pouring temperature and technique, mould materials, 
chills, etc.), and heat treatment. 

The effect of the above factors on mechanical properties (and 
grain size) of the more important commercial aluminium and 
magnesium casting alloys will be illustrated by numerous graphs 
and tables, based on a thorough literature survey and the au- 
thor’s own experimental work. In addition, there will be a short 
discussion on the importance of proper testing procedure (choice 
of test bar, effect of shape and size of test bars; etc.) and evalua- 
tion of casting properties. 


Study of Some of the Factors Influencing Grain Re- 
finement in Non-Ferrous Alloys: Walter Showak, 
Ford Motor Co. 


Since the mechanical properties of nonferrous metals and their 
alloys are shown to be markedly improved by the refinement of 
the cast grain structure, there is considerable interest in the fac- 
tors governing the formation of fine-grained castings. A review 
of the existant literature on grain refinement in metals shows 
that as yet no completely satisfactory theory to explain grain 
size refinement is available. It appears that additional quantitative 
data on the effect of additions to the melt on grain size should 
be of appreciable aid in elucidating the grain refining mechanism. 

In the present investigation the separate and combined influence 
of additions of various alloying elements and selected nucleating 
compounds to the melt on the cast grain size of non-ferrous 


metals, in particular aluminum, are determined. Melting and 
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solidification is carried out in the same specially designed re- 
fractory container which permits uni-directional solidification and 
minimize the turbulence normally present during pouring. Tem- 
perature gradients in the liquid and solid during solificiation are 
measured. 

Electron and light microscopy are utilized to determine the 
size, shape and distribution of possible nucleating particles found 
in the solidified castings. Attempts are made to ascertain the 
structure and lattice parameters of the particles by the use of 
electron and X-ray diffraction techniques. 

The results are discussed from the points of view of composition 
gradient and nucleating catalysts. 


A Cold-Mold Induction Furnace for Melting Reactive 
Metals Without Contamination: G. H. Schippereit, 
and A. F. Leatherman, Battelle Memorial Institute. 
and D. Evers, Mallory-Sharon Metals Corp. 


A new and novel furnace has been developed for induction 
melting metals such as titanium without contamination. Contamina- 
tion of the melt by reaction with the crucible is avoided because 
melting is done in a water-cooled, copper crucible. Attenuation of 
the applied induction by the crucibe ils minimized by making it 
discontinuous electrically. In one version, the crucible is slit along 
its length into four equal segments. Waterproof electrical insula- 
— between the segments maintains crucible integrity during 
melting. 

Experimental ingots 2-% in. diam by 4 in. high of stainless 
steel and titanium have been successfully melted. Melting experi- 
ments have been conducted in air as well as under a vacuum. 

An analysis of the electrical characteristics of 2-%- and 24-in. 
diam models of the crucible indicate that a commercial unit is 
feasible for 60-cycle operation Studies on the cost of a proposed 
commercial unit suggest that the cold-mold induction furnace is 
considerably less expensive to operate than a cold-mold arc 
furnace of comparable capacity. 

Continued successful development of the cold-mold induction 
furnace for melting reactive metals offers promise of (1) improved 
uniformity in chemical composition because of the inherent stirring 
action of induction melting, (2) minimum gas content in the 
ingot resulting from the stirring action during melting under a 
vacuum, (3) reduced melting costs because high-quality ingots 
can be produced in one melting costs because high-quality ingots 
can be produced in one melting step rather than the two now 
required by the cold-mold arc-melting technique, (4) production 
of square or slab ingots, (5) continuous melting by extraction of 
the ingot through the bottom of the furnace, (6) utilization of 
charge material in many forms, (7) production of shaped castings 
larger than now possible with the cold-mold arc furnace, and (8) 
safe operation. 


2:00 to 5:00 pm, Constitution Room 
Recovery, Grain Growth, and Textures, II 


(Session Based on Submission of 
Research Abstracts) 


Chairmen: R. M. Brick, Continental Can Co., and 
Paul Gordon, Illinois Institute of Technology 


Evolution of Deformation and Recrystallization Tex- 
tures in Cu-Ge and Cu-Sn Alloys: Y. C. Liu and 
R. H. Richman, Ford Motor Co. 


The effects of germanium and tin on the deformation and re- 
crystallization textures of copper were investigated in detail over 
the entire composition ranges of the copper-rich terminal solid 
solutions. By employing ratios of characteristic pole intensities, 
the transition of the deformation texture from the copper type to 
the 70:30 brass type was followed quantitatively. The copper de- 
formation texture is essentially unchanged by the introduction of 
about 1 at. pct Ge or 0.25 at. pct Sn; at higher alloy contents a 
textural transition appears and proceeds linearly as the logarithm 
of the solute concentration. The transition is complete in each alloy 
system at about 4 at. pct. 

The evolutionary pattern of recrystallization textures as a func- 
tion of alloy composition is expressed in terms of the X-ray in- 
tensities of individual recrystallization components relative to ran- 
domly oriented standards, as well as by the usual series of pole 
figures. Qualitatively, the influence of both germanium and tin 
upon the recrystallization texture of copper is similar to that of 
zine in most respects; however, alloys of high germanium or tin 
content exhibit recrystallization components that have not been 
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previously observed. The correlation of each recrystallization com- 
ponent with a specific component in the deformation texture is 
also discussed. 


Effect of Grain Growth on the Formation of the 
Cube Texture in an Al-Mn Alloy: T. J. Koppenaal, 
Northwestern University, M. N. Parthasarathi and 
P. A. Beck, University of Illinois. 


It was found by means of quantitative texture measurements in 
an Al —0.8 pct Mn alloy that the volume fraction of the cube tex- 
ture component increases with continued isothermal normal grain 
growth, after the completion of primary recrystallization. Inhibi- 
tion of normal grain growth by a dispersed second phase limits 
the volume fraction of the cube texture component formed on an- 
nealing. For a given final grain size, the volume fraction of the 
cube texture component is larger when the final grain size is 
smaller. The observed increase of the volume fraction of the cube 
texture component in the course of normal grain growth may be 
adequately accounted for on the basis of selective growth. Earlier 
results obtained by H. G. Maller with Fe-Ni-Cu alloys containing 
two FCC phases can be also adequately explained on this basis. 


An Effect of Impurity Atoms on the Energy Rela- 
tionship of (100) and (110) Surfaces in High- 
Purity Silicon-Iron: J. L. Walter and C. G. Dunn, 
General Electric Co. 


The migration of grain boundaries between (110) grains and (100) 
grains in high-purity 3 pct silicon-iron sheet was investigated at 
1200°C to determine whether or not impurity atoms could effect a 
reversal in the direction of boundary migration. Boundaries were 
found that advanced into the (100) grains in a vacuum anneal, then 
reversed their direction of migration and advanced into the (110) 
grains in a subsequent anneal in impure argon, and then reversed 
back to the initial direction of migration in a final vacuum anneal. 
Evidence was found for surface energy driving forces in both kinds 
of anneals. In the anneals in argon, but not in vacuum, the surfaces 
of the (100) grains were thermally etched. The results could be sat- 
isfactorily explained on the basis that the impure argon supplied 
impurity atoms to the surface of the silicon-iron and that the vac- 
uum anneals removed the impurity. The conclusions re: ched were: 
(a) Under proper conditions impurity atoms can effect a reversal in 
the direction of boundary migration; (b) The surface energy of the 
(110) plane in the vacuum anneals is lower than the surface energy 
of the (100) plane but is higher than the surface energy of the (100) 
plane in impure argon; ‘c) The effect of the impurity is to reduce 
the surface energy of the (100) plane more than the surface energy 
of the (110) plane is reduced; and ‘d) the high density plane, (110), 
is not always the low energy plane. 


Secondary Recrystallization in Cube-Textured 50 
pct Ni-50 pct Fe Alloy Tapes: N. I. Ananthanaray- 
anan, R. H. Buckwalter, and R. G. Apsden, West- 
inghouse Electric Corp. 


Several alloys containing about 50 pct Ni and 50 pct Fe were 
prepared with different impurity levels by conventional air melting, 
vacuum melting and powder metallurgy. These alloys were first 
hot-worked and then converted to thin tapes by a severe cold- 
reduction of 98 pct. 

The influence of annealing atmosphere and time-temperature re- 
lationships on the de magnetic characteristics is interpreted with 
the aid of microstructure and known textural changes. The coercive 
force decreases rapidly as the annealing temperature is increased 
up to about 1050°C. Significant differences between materials are 
found in the rate of decrease of coercive force with temperature 
in this range of annealing temperatures. At higher annealing tem- 
peratures, the coercive force decreases gradually, tending to ap- 
proach a constant value which may be considered the ultimate for 
a given alloy. Alloys having the higher secondary recrystallization 
temperatures generally have larger ultimate coercive force values. 

The rectangularity of the hysteresis loop increases with increasing 
annealing temperature until secondary recrystallization occurs. Sec- 
ondary recrystallization causes a decrease in the rectangularity of 
the hysteresis loop. Alloys with the highest secondary recrystalli- 
zation temperature maintain a high loop rectangularity over the 
widest range of annealing temperatures. 

The above differences between alloys are correlated with the 
differences in the amount, size and distribution of inclusions in the 
microstructure. The role of inclusions on secondary recrystalliza- 
tion and magnetic properties is discussed and the importance of 
inclusion control in the manufacture of alloy materials with nar- 
row and rectangular hysteresis loops is pointed out. 
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A Texture Study in Silicon Iron: P. K. Koh, Alle- 
gheny Ludlum Steel Corp. and C. G. Dunn, Gen- 
eral Electric Co. 


A study has been made of the primary recrystallization texture 
and a special annealing texture for cold-rolled 3 pct Si-Fe strip. 
The usual type of anneal produces a strong cube-on-edge texture, 
but the special anneal, a salt bath treatment at 1260°C with rapid 
rise to temperature, produces a much weaker and also somewhat 
different texture. 

Information on the primary recrystallization texture is given in 
a quantitative {110} pole figure. Principal components in the texture 


are described as (112) [681] and (111) [112]. The annealing tex- 
ture was determined from a sample of 325 grains, the orientations 
of which were individually found by the Laue method. The orien- 
tation data were used to determine a quantiative {100} pole density 
figure and also quantitative axis density figures, one for the normal 
direction and the other for the rolling direction. The components 
found in the annealing texture were (304) [010] and (111) [110], 
the latter being very weak. The primary recrystallization texture 
is compared with similar data reported in the literature. The role 
of the primary recrystallization in the formation of the annealing 
texture is discussed briefly. 


Influence of Constraints During Rolling on the Tex- 
tures of 3 Pct Si-Fe Crystals Initially (001) [100]: 
R. G. Aspden, Westinghouse Electric Corp. 


Crystals of an iron base alloy containing 3 pct Si with an initial 
(001)[100] orientation were 90 pct cold reduced in thickness by 
rolling. Rolling and annealing textures were studied for a) crystals 
rolled without constraints at different rates of reduction, and b) 
crystals rolled with constraints imposed by neighboring grains and 
by plates between which a crystal was sandwiched. The deforma- 
tion textures of crystals rolled without constraints at a low rate of 
reduction were (001)(110]. The amount of rotation toward this 
stable end orientation was decreased by increasing the rate of re- 
duction of crystals rolled without constraints and by using con- 
straints during rolling. Deformation bands were observed in crys- 
tals rolled in the above manner, and the deformation bands had 
the orientations described by rotating the (001)[110) up to 12° in 
both directions about the rolling plane normal. 

The components of the annealing textures were related to the 
deformation textures by 20 to 30° rotations about <110> and 
<001>. Rotations of the <001> type were about the rolling plane 
normal and yielded near (001)[210] type components for crystals 
rolled without constraints and near (001)(100] for crystals rolled 
with constraints. These data show that the contribution of con- 
straints at grain boundaries in a polycrystalline sheet should be 
considered in applying textural data on single crystals to grains 
in an aggregate. 


Observations on Cube Growth in Silicon Iron: G. W. 
Wiener, Westinghouse Electric Corp. 


Recently, cube texture has been produced in silicon-iron sheets 
by secondary recrystallization. This observation was first reported 
by Assmus, et al, As a result of recent work, it is postulated that 
the cube grain growth is governed principally by surface energy. 
This kind of driving force has already been suggested by Walter 
and Dunn as being an important factor in the tertiary recrystalliza- 
tion of silicon iron for grains having a (110) plane. The basis for 
surface energy as a principal driving force for cube growth is 
based on the following observations: 

1) Cube grain growth occurs only after a grain size equal to or 
greater than the sheet thickness is produced. 

2) The growth is confined to those grains in which the cube plane 
is either exactly parallel to the sheet surface or at most differs by 
a few degrees. 

3) Cube grains can be made to grow in a variety of matrixes in- 
dependent of the number of cube grains initially present 

4) Cube grain growth may occur at boundaries showing reverse 
curvature. 

5) Grain growth would not be expected after a grain size of 2 
to 3 x the sheet thickness had been reached based on the grooving 
mechanism suggested by Mullins. However, he has shown that if 
anisotropy of surface energy exists then the thermal grooves would 
not be an inhibiting factor in grain growth. 

Experimental results will be given that have been obtained on 
vacuum melted silicon iron annealed at 1200°C in vacuum. 


Initial Growth of Cube-Oriented Secondary Recrys- 
tallization Nuclei in High-Purity Silicon-Iron: J. 
L. Walter and C. G. Dunn, General Electric Co. 


The report describes the results of a study undertaken to deter- 
mine the nature of the slow growth or nucleation stage of sec- 
ondary recrystallization to the cube texture in high-purity silicon 
iron. 
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The material, containing 3 pct Si, is rolled to 0.006 in. thick. An- 
neals to develop the primary recrystallization and grain growth 
structures are performed in vacuum or in argon. Surface charac- 
teristics such as thermal etching and grain boundary grooves are 
used to identify cube-oriented nuclei and to follow the growth 
of the nuclei during subsequent anneals. 

Four examples of growth of cube-oriented nuclei into the ma- 
trix grains are described. It was concluded that for the par- 
ticular conditions of atmosphere and material involved in this 
study, grains having (100) planes at the surface have lower gas- 
metal interface energies than grains with (110), (111), amd (123) 
planes at the interface, at least in the initial stages of secondary 
recrystallization. The lower surface energy of the (100) grains 
is responsible for early growth of these grains to become sec- 
ondaries. Surface-energy driving forces may be aided by grain 
boundary driving forces once the nucleus reaches a suitable size 
with respect to the neighboring grains. 

Deep thermal grooves at the intersection of the grain boundary 
with the surface keep the boundaries of the matrix grains from 
migrating, and thereby provide a stabilized matrix structure for 
the growth of cube-oriented grains. 


Nature of the Matrix for Secondary Recrystallization 
to the Cube Texture in High-Purity Silicon Iron: 
Cc. G. Dunn and J. L. Walter, General Electric Co. 


The characteristics of cube-oriented nuclei and other matrix 
grains that are associated with secondary recrystallization to the 
cube texture in high-purity silicon iron were investigated by met- 
allographic and X-ray methods. The study included a) grain struc- 
ture, b) sub-grain structures, c) texture and its effects on grain 
structure stability, the critical size of nuclei, and reorientation 
processes, d) the cause of matrix stability since stability is a pre- 
requisite for secondary recrystallization, and e) the unique char- 
acteristics of cube-oriented nuclei. 

The results show that the structure consists of relatively perfect 
grains of average diam between one and two times the sheet 
thickness and that the texture has a moderately strong (110) [001] 
component and a weak (100) [001] component. The structure is 
shown to result from both primary recrystallization and some 
grain growth which essentially stops when the grains are large 
enough to traverse the sheet thickness. The average disorientation 
of the grains is calculated from the texture data and found to be 
near 20°. Accordingly, if grain boundary energy alone were ade- 
quate for growth, any grain slightly above average size would 
qualify as a nucleus at this point. This predicts too many nuclei 
for further growth and hence a lack of matrix stability. However, 
the observed growth up to a two-dimensional structure and the 
large average disorientation indicate that matrix stability results 
from the thickness effect. 

The results also indicate that cube-oriented nuclei are neither 
more perfect grains nor larger grains than other matrix grains. 
Instead they have a more effective driving force for growth beyond 
the thickness dimension because of a lower energy in the (100) 
surface than in other (hkl) surfaces (i.e. under certain conditions 
of atmosphere and material). The limitation of (100) orientations 
to those near the cube orientation is ascribed to the processing 
used, i.e. the rolling and annealing treatments produce a matrix 
with a weak (100) [001] component but no other (100) orientations. 


2:00 to 5:00 pm, Cotillion Room 


Heat Treatment and Properties of Steels 
(Session Based on Submission of 
Research Abstracts) 


Chairmen: C. M. Wayman, University of Illinois, 
and G. V. Smith, Cornell University 


Anomalous Kinetics of the Bainitic Transformation 
Just Above the Martensite Range: M. F. Smith, 
Nuclear Metals, Inc., G. R. Speich, U. S. Steel 
Corp., and Morris Cohen, Massachusetts Institute 
of Technology. 


The anomalous acceleration in the kinetics of the bainite reaction 
at temperatures just above the M, temperature has been studied in 
an Fe-1.16 pet C alloy. By direct observation with a hot-stage 
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microscope, it was possible to show that the transformation product 
responsible for this behavior is martensite. Although it is possible 
for martensite to be thermally activated above the M, temperature, 
it is believed that this martensite forms because of the stresses 
accompanying the early nucleation stage of bainite. 


Effect of Pressure on the Martensitic Transforma- 
tions in the Iron-Nickel System: L. Kaufman, S. 
A. Kulin, and H. Udin, Manufacturing Labora- 
tories, Inc. 


The effects of hydrostatic pressure on the FCC = BCC diffusion- 
less transformation in two iron-nickel alloys containing 9.5 and 
23.8 pet Ni has been investigated. The experiments were carried 
out over the temperature range between 25 and 800°C and for 
hydrostatic pressures up to 70,000 atmospheres. The following ex- 
perimental results were obtained. 

1) Hydrostatic pressure lowers M, (FCC — BCC) and A, (BCC 
~ FCC) in both alloys. 

2) The effect cf pressure on M, is more pronounced than the 
corresponding effect on A, in the 9.5 pct Ni alloy. 

3) Hydrostatic pressure has approximately the same effect on As 
and M, in the 23.5 pct alloy. 

These experimental observations, as well as the absolute magni- 
tudes of the changes in A, and M, with hydrostatic pressure, are 
in good agreement with first approximation theoretical calcula- 
tions. The latter are based upon the known (one atmosphere) ther- 
modynamics of FCC = BCC reactions in iron-nickel alloys and 
available data concerniing the change in volume attending these 
reactions as a function of temperature. 


Effect of Heat Treatment in the Ferrite-Austenite 
Region on Notch Toughness of Low-Carbon Steels: 
W. C. Leslie, R. L. Rickett, and W. D. Lafferty, 
U.S. Steel Corp. 


If previously normalized mild steels are reheated to just above 
the Ae, held there at constant temperature, and then air cooled, 
or if a mild steel is austenitized, quenched to a temperature just 
above the Ae; and held for an extended period, then air cooled, 
the notch toughness may be improved considerably. This improve- 
ment can be obtained with no apparent change in gross micro- 
structure or hardness, as compared with normalized specimens. 

The limits of the process are as follows: a) The carbon content 
should be less than 0.15 pct and probably above 0.05 pct. b) Within 
the range investigated, 870 to 1150°C, the normalizing or austeni- 
tizing temperature had little effect on the magnitude of the im- 
provement. c) The optimum temperature of the isothermal treat- 
ment seems to be above the Ae:, but as close to it as is practical. 
d) The improvement gained increases with length of the isothermal 
treatment, up to at least 24 hr. e) The improvement was greater 
with aluminum-killed than with rimmed steels. 

No completely satisfactory explanation of the observed effects is 
offered at this time. It seems possible, however, that these effects 
are due to an approach to an equilibrium distribution of solute 
elements, and particularly, of substitutional elements, during pro- 
longed isothermal treatment just above the Ae. 

The current theories of transition temperature seem inadequate 
to explain the range of transition temperatures that can be ob- 
tained with a steel of constant composition, microstructure, hard- 
ness and yield point 


Preferred Orientation in Warm-Worked and Heat- 
Treated 4340 Steel: E. B. Kula and S. L. Lopata, 
Watertown Arsenal. 


A variation of yield and tensile strength with direction has been 
noted in heat-treated 4340 steel which had been cold-worked by 
rolling in the austenitic condition prior to quenching. Measurements 
by X-rays showed a preferred orientation of martensite crystals. 

Various ideal preferred orientation of martensite were calculated 
by assuming a preferred orientation for austenite and transforming 
this to martensite by the Kurdjumov-Sachs and Nishiyama rela- 
tionships. Comparison with the measured preferred orientation 
showed that the ideal rolling texture for austentite in 4340 steel 
could be expressed as a (112) [111] texture with a component of 
(110) [112]. No evidence was found for any fiber axis in the rolling 
direction, or for a (123)([412) texture. The observed martensite 
pole figures can be adequately accounted for by these ideal austen- 
ite textures and by the Kurdjumov-Sachs or Nishiyama transforma- 
tion relationships between austenite and martensite. 
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Effect of Sulfur on the Notch Toughness of Heat- 
Treated Steels: J. M. Hodge, R. H. Frazier, and F. 
W. Boulger, Battelle Memorial Institute. 


This paper reports the results of studies of the impact properties 
of quenched and tempered alloy-steel plates as a function of sulfur 
content. The effects of cross rolling, microstructure, and an ho- 
mogenization treatment on impact properties were also investigated. 
It was found that the impact energy levels decreased continuously 
as the sulfur content increased and that there was a straight-line 
relationship between impact energy and sulfur content when plotted 
on logarithmic coordinates. Cross rolling raised the level of these 
lines for transverse tests and lowered the level for longitudinal 
tests proportionately to the amount of cross rolling. Increasing the 
hardness lowered the energy level but the lines were parallel for all 
sulfur contents, hardness levels, and degrees of cross rolling. Similar 
straight-line relationships were obtained for microstructures of 
pearlite and for slack-quenched, quenched, and tempered micro- 
structures for sulfur contents up to 0.060 pct. 


Magnetism in 0.30 C, 0.18 Cr, 8 Ni, and 3 Si Valve 
Steel Alloys: S. M. Purdy, The Carpenter Steel Co. 


Magnetism, u = 1.05/1.6, was found in hot rolled bars of Sil- 
chrome 10, a 0.30 pet C, 18 pet Cr, 8 pct Ni, 3 pct Si valve steel. 
No martensite or ferrite was detected. Samples from high and low 
nitrogen heats were magnetic when furnace cooled from the range 
of 1800 to 2300°F, and non-magnetic when water quenched from 
the same temperatures. Samples water quenched from 2100°F were 
aged at 1000 to 1600°F. Only those aged at 1200 to 1400°F became 
magnetic. The most magnetism showed up at 1200°F. All the aged 
specimens showed carbides and CraCe was found using X-ray dif- 
fraction, no martensite magnetic particles were found. These were 
identified as austenite ao = 3.56. 

Many of the aged samples which were non-magnetic at room tem- 
perature became magnetic when immersed in liquid nitrogen. Upon 
warming up to room temperature, they lost their magnetism. A 
few specimens transformed partially to martensite and remained 
magnetic. 

Apparently, the regions immediately surrounding the particles 
of carbide precipitate were sufficiently impoverished in Cr to raise 
the Curie temperature above room temperature and the specimen 
became magnetic. At other aging temperatures either Cr diffusion 
relieved impoverishment enough to keep Curie temperature below 
room temperature or not enough volume of magnetic austenite was 
formed to be detected. 


Effect of Tensile and Creep Prestrain on a Precipita- 
tion Hardening High-Temperature Alloy: J. T. 
Brown, Westinghouse Electric Corp. 


The effect of varying the amount, temperature and rate of pre- 
strain on the subsequent tensile properties of a_ precipitation 
hardening high temperature alloy was investigated. Tensile speci- 
mens were prestrained to 2, 5, 10 and 15 pct elongation at room 
temperature, 1200°F and 1400°F. The strain rate was 0.05 in. per in. 
per min. Creep specimens were also prestrained to 2, 5 and 10 pct 
elongation in creep at 1200°F and 1400°F. The creep prestrain rate 
was approximately 1000 times slower than the tensile prestrain 
rate. All of the prestrained specimens were subsequently tensile 
tested to fracture at room temperature. For the iron-base precipi- 
tation hardening alloy used in the investigation, the range of test- 
ing temperatures and strain rates includes the change from inter- 
granular to transgranular type fracture. Data on the prestrain con- 
ditions versus yield strength, ultimate strength and retained duc- 
tility are graphically presented. 

Yield strength on retest from tensile specimens increases with 
amount of prestrain at room temperature, but ultimate strength is 
unaffected by this variable. When the prestrain temperature is in- 
creased above the aging temperature, the yield strength on retest 
is raised, but is constant with varying amounts of prestrain. These 
properties observed after the different prestrain conditions are ex- 
plained on the basis of the type of deformation mechanism occur 
ring during the prestrain. 


Measurement of Chi and Sigma Phases in Stainless 
Steel with the Electron Probe Microanalyzer: L. 
S. Birks, J. Siomkajlo, U. S. Naval Research Lab., 
and P. K. Koh, Allegheny Ludlum Steel Corp. 


The compositions of chi and sigma phases were measured in 
situ in stainless steel using the Electron Probe Microanalyzer. Re- 
sults were checked by comparison with measurements on ex- 
tracted particles of the same material and were in good agreement. 
It was found that the Mo composition decreased from about 9 pct 
in chi phase to 7 pct in sigma phase and that the Cr composition 
increased from about 24 pct in chi phase to 32 pct in sigma phase. 
The Ni and Fe composition adjusted slightly to accommodate the 
change. 
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Recrystallization of Austenite: R. A. Grange, U. S. 
Steel Corp. 


Factors which influence rate of recrystallization of hot-deformed 
austenite and resulting austenite grain size of an aluminum- 
killed, commercial heat of 51B60 steel were investigated. After 
heating at either 1205°C or 925°C, specimens were reduced in 
thickness by 50, 65 or 75 pct by single-pass rolling at 925°C. 
Immediately after rolling, they were recrystallized by holding 
isothermally for a series of times at temperatures in the range 
760 to 980°C. The extent of recrystallization was determined by 
metallographic examination after quenching to room temperature 
from the recrystallization temperature. 

Specimens quenched directly from the rolling temperature con- 
tain elongated austenite grains, but if held for a sufficient period 
of time at the recrystallization temperature before quenching, 
these are replaced by smaller, equiaxed grains. Provided deforma- 
tion is accomplished quickly and the steel thereafter rapidly 
cooled to lower temperature, austenite in this 51B60 steel can be 
rolled at temperatures at least as high as 980°C, without re- 
crystallization occurring immediately. 

Factors influencing the rate of recrystallization of austenite and 
the size of the recrystallized grains are about what would be 
expected on the basis of well-known recrystallization phenomena 
in cold-worked metals. For any particular set of rolling condi- 
tions, recrystallization was slower and recrystallized austenite 
grains were smaller, the lower the temperature of recrystallization. 
At a given recrystallization temperature, the lower the tempera- 
ture of heating for rolling (‘in effect, the smaller the grain size 
just prior to rolling) and the greater the amount of deformation, 
the faster the rate of recrystallization and the smaller the re- 
crystallized austenite grains. 


2:00 to 5:00 pm, Embassy Room 
Symposium on Powder Metallurgy 
(Sponsored by IMD Powder Metallurgy Committee) 


Chairmen: G. L. Bibbins, Norton Co., and 
Harold Hirsch, General Electric Co. 


Infiltration of Alumina With Silver: J. W. Proske 
and A. J. Shaler, Pennsylvania State University 


The infiltration of alumina with silver has been studied through 
the use of a model for infiltration consisting of an alumina slug 
containing small holes which serve as artificial capillaries. Interfacial 
energy relationships were varied by varying the alumina powder, 
the infiltration atmosphere, the infiltrant, and the subsequent treat- 
ment of the alumina slugs. Results were examined on the basis of 
the classical theory of capillarity. Various degrees of infiltration are 
inferred from the model. Favorable conditions for infiltration have 
been found. 


Coulometric Reduction: A Tool for Studying Surface 
Films: V. J. Albano, Bell Telephone Labs. 


The nature of surface films on metals may be studied by reducing 
them electrochemically at constant current, and following their 
changes in potential with time. From these potential-time curves 
it is possible, by suitable standardization, to determine both the 
identity and amount of each reducible compound present in a 
film. A qualitative idea of the uniformity and perviousness of a 
film can be gleaned from the shape of its reduction curve. Materials 
in powdered form, and films on deposits on non-metallic sub- 
strates have also been studied by this method. The procedure and 
factors which influence it will be discussed and illustrated with 
examples from various studies. 


on Dimensional 
Morse Hill 


Effects of Surface Parameters 
Changes in Iron-Copper Sinterings: 
and H. P. Munger, Republic Steel Corp. 


Compacts of iron powders with 7 pct Cu were studied dilato- 
metrically during sintering. Net size change ranged from 0.6 to 
+2.5 pet. Behavior above the melting point of copper was most 
important. Differences between the powders arose from variations 
in surface area, sub-particle geometry, and surface energy. The 
net dimensional change resulted from concurernt or consecutive 
action of several mechanisms. Some calculations of dimensional 
changes in terms of surface parameters and physical constants are 
possible. 
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STERLING, 
RINGWOOD, 
AND GREENWOOD 


The growing new research area being developed along the New York-New 


Sterling 
Lake 


Jersey border at Sterling Forest recalls metallurgical history that was made 
in this same region. For it was here that ironmaking was centered from 
colonial days until after the Civil War. This is an important chapter to be 
added to historical ironmaking articles featured in earlier issues of JOURNAL 


OF METALS.’ 


by R. W. Shearman and F. Weston Starratt 


A new center for mining and metallurgical re- 
search is developing at Sterling Forest, N. Y., 
under the auspices of Union Carbide Corp. Here 
is to be located the Union Carbide Nuclear and Ore 
Research Laboratories. In truth, history has re- 
peated itself; the Sterling Forest area in the days of 
the Revolutionary War, and for many years there- 
after, was the mining and metallurgical center of 
the US. For in these Ramapo hills along the New 
York-New Jersey border, iron ore was mined, pig 
iron was cast, and the weapons of war and the 
plowshares of peace were forged. 

Before embarking on an historical pilgrimage to 
yesteryear—a brief description of Sterling Forest. 
Located in Orange County, N. Y., near Tuxedo, 
immediately north of the New York-New Jersey 
State line, and just west of the Erie Railroad and 
the New York State Thruway, Sterling Forest is 
approximately 35 mi from New York City. Title was 
acquired in 1956 from the Harriman family by City 
Investing Co. Its President, Robert W. Dowling, has 
established himself as a city planner, having con- 
ceived such projects as Pittsburgh’s Gateway Cen- 
ter and Philadelphia’s Penn Center. 

A unique, self-contained community is planned 
that will contain light industry and centers for re- 
search and engineering. Colonies of homes will be 
interspersed throughout the 20,000 acres of forest 
land, lakes, and rolling hills. Culture will not be 
neglected, for Sterling Forest will be the new home 
for the annual Empire State Music Festival. The 
Sterling Forest Gardens, 125 acres of landscaped 
woodland and streams, will become the “world’s 
largest permanent floral showplace.” The Sterling 
Forest International Research Building was opened 
earlier this year, and designed to provide all facili- 
ties needed by small growth research companies. 
The first major company to acquire land to con- 
struct research buildings at Sterling Forest is Union 
Carbide. A description of their facilities is given 
later in this article. 


1763 . . . Discovery of iron ore 


In turning back the pages of history, a fascinating 
story can be told of special interest to the metallur- 
gist, the mining engineer, and perhaps even the so- 
ciologist. For, where new communities are planned 
today, older communities had been born, matured, 
and died. In these hills had lived the iron miners, 
the blacksmiths, the lumbermen, the masons, and 
the teamsters that had given America its start in 
heavy industry. This was the area where the forests 
were crisscrossed with many wood roads that 
brought logs to the charcoal pits, and iron ore to the 
furnaces. 

Men make history. Our story brings forth many 
names of men known as ironmasters, or as indus- 
trial leaders—Hasenclever, Faesch, Erskine, Town- 
send, Ryerson, Parrott, Cooper, Hewitt, Jay Cooke, 
and Harriman. 

The name Sterling is derived from a Scotch Lord, 
the Fifth Earl of Stirling (in its earlier spelling). 
Lord Stirling was one of seven Englishmen granted 
a patent of land in the Ramapo hills by Queen Anne 
in 1707, known as the Cheesecock Patent. He sent 
an agent, Cornelius Board, to America in 1730, with 
the express purpose of looking for copper deposits. 
While he found no copper in his travels up and 
down the Ramapo Valley, he did find iron ore in two 
localities: first, in the vicinity of what is now Ring- 
wood, N. J.; second, five miles to the north. There 
he constructed a forge and furnace at the edge of 
a lake in 1736, naming the land Stirling Property, 
after his patron. In 1740, the Ogden family in New- 
ark bought land from Board at Ringwood and began 
smelting of iron in 1741. 


The Ringwood story 


Soon, a genius in the person of Peter Hasenclever 
appeared on the scene. He was attracted by an ad- 
vertisement in the New York Mercury for March 5, 
1764, in which David Ogden of Newark offered 
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Fig. 1—Ringwood and “Stirling” ironworks were about 35 miles 
northwest of New York. Shown here is the northeast quadrant of an 
original map drawn in 1777 by Robert Erskine, Surveyor General 

to the Army of the United States, and Ironmaster at Ringwood, 
1771-1780. Other ironworks mentioned in the article—Long Pond, 
Charlotteburg, Pompton, and Cortland—can be found on the map. 
Greenwood, developed later, was a few miles northeast of Sterling. 
(Map reproduced by permission of the Pierpont Morgan Library.) 


various mining properties for sale, including “a 
well-built furnace, good iron mines near the same, 
two forges, one with 3 and the other with 2 fires; a 
saw mill, several dwelling houses and several tracts 
of land adjoining; carts, wagons, utensils and tools 
proper for the works.’” For £5000, Hasenclever 
purchased the then dilapidated Ringwood Mines and 
reorganized them. 

Peter Hasenclever was a German. His career be- 
gan in iron works at age 14. He traveled throughout 
Europe, learning several languages. He had served 
as a financial consultant at the Court of Frederick 
the Great, had been a partner in a mercantile busi- 
ness in Cadiz, Spain, and then went to England 
where a stock company was formed, officially 
known as Proprietors of the New-York and New- 
Jersey Iron Works.* Unofficially it became known as 
The American Company and sometimes as The Lon- 
don Company. From its capitalization of £40,000, 
Hasenclever financed the Ringwood purchase. From 
Germany he transported 535 persons, ‘miners, 
founders, forgemen, colliers, carpenters, masons, 
and labourers with their wives and children.’* 

Hasenclever soon realized that extensive forest 
lands for charcoal would be required to operate his 
furnaces. A sum of £10,000 was expended to ac- 
quire forests extending to Greenwood Lake. 

Under Hasenclever’s management, Ringwood be- 
came an important part of the large-scale develop- 
ment of the iron industry in America. He also was 
responsible for iron works at Charlottenburg 
(Charlotteburg), Long Pond (Greenwood Lake), 
and Cortland, New York. Hasenclever is credited 
with several advances in iron-making. He built 
dams to supply a continuous source of power for 
his furnace draft. He introduced a method for re- 
covering iron from old cinder banks. Perhaps the 
first man to improve furnace refractories, he adopted 
slate as a lining for his furnace.* 

Hasenclever himself has described some of his 
problems and achievements: 


“The working of so many mines was not only 

a very expensive, but also a laborious and vexa- 
tious work. The disappointments were incredible; 
in some places we found abundance of ore, but it 
proved cold-shear, copperish, and sulphureous, 
and of arsenical quality, so that it could not be 
used, and out of 53 mines, seven only proved 
good.* 

As so often true with men who are primarily pro- 
moters, “Baron’’ Hasenclever enjoyed living in a 
grand style. At his manor house at Ringwood, he is 
reputed to have dined from gold plates while sere- 
naded by a brass band. When his expenses totalled 
£54,000, the London partners, weary of receiving 
no dividends, discharged Hasenclever and_ sent 
Jeston Homfray to take his place. However, the 
partners did acknowledge that Hasenclever’s iron 
was the best “that ever made its appearance in the 
London market from America; it has been tried 
and found of exceeding good quality.’” 


John Jacob Faesch, successor to Jeston Homfray, 
was a very competent ironmaster. His origin was 
Swiss and he possessed the faculty of being able to 
berate the German workmen in their native tongue, 
to the benefit of maximum production. 

Faesch remained at Ringwood for about two 
years, while The American Company looked for a 
permanent manager to send to America. Later, he 
moved on to Morris County, N. J., where he devel- 
oped the Mt. Hope Mine, in operation to this day. 

Robert Erskine, of Scotch ancestry, was selected 
to be the permanent manager. Although a qualified 
engineer and draftsman, he knew little about iron 
manufacture. Following his appointment as manager 
at Ringwood, he toured the Welsh mines to study 
their methods of mining and smelting. Incidentally, 
he had earlier been elected a Fellow of the Royal 
Society and was sponsored by Benjamin Franklin. 

Erskine arrived in America in 1771, and found 
Ringwood in poor condition. Erskine’s efforts to put 
the properties on a paying basis were carried out 
under difficulties. A request in 1773 to The Amer- 
ican Co. for additional working capital was ignored. 
An effort to sell the enterprise brought no bidders. 
Erskine succeeded in borrowing cash from a New 
York banking firm, later repaying the loan. 

Upon outbreak of hostilities between England 
and the colonies, Erskine wrote to his stockholders 
that he intended to help the rebels as much as pos- 
sible, but would look after the Company’s interests. 
Erskine raised the first company of soldiers in 
northern New Jersey, and equipped them at his 
own expense. The Continental Congress commis- 
sioned him a Captain with instructions to keep his 
company at Ringwood to protect the iron works. 

At outbreak of the Revolution, General Washing- 
ton was handicapped by having only previously- 
drawn British maps, often inaccurate. Erskine’s 
abilities as a qualified topographic engineer had 
come to the attention of General Washington. This 
resulted in Erskine’s commission in 1777 as Geog- 
rapher and Surveyor General to the Army of the 
United States. In this capacity, he supervised the 
making of over 200 maps for the Army, mainly for 
Washington’s Jersey campaigns. 

At Ringwood, the first chain across the Hudson to 
keep out the British was forged. This chain stretched 
across the river from Fort Montgomery to St. 
Anthony’s Nose, slightly north of the present Bear 
Mountain bridge. Unfortunately the British found 
it to be no obstacle; they captured Fort Montgomery, 
and took the chain with them when they sailed 
downstream. Apparently the British had a high re- 
gard for the chain, for they used it for many years 
at Gilbralter to protect their warships riding at 
anchor.* 

Robert Erskine died in 1780 at an early age. 
Thanks to him, the operations at Ringwood were 
improved, and the Company’s finances rehabilitated. 

Erskine is credited with inventing the first mag- 
netic separator.* It consisted of an oak log serving 
as a drum with magnets driven into it. As it slowly 
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rotated, the crushed ore was poured on the drum. 
The rock passed by, and the ore, after being brushed 
off on the far side, fell into a bin. 

Robert Erskine’s widow remarried a year later. 
Her second husband, Robert Lettis Hooper, Jr., was 
not an ironmaster, and steps were soon taken to 
dispose of the property. As the real title was still 
theoretically vested in the London stockholders, the 
New Jersey Legislature enacted a Special Confisca- 
tion Act, under which the property could be seized 
by the Commissioners of Forfeited Estates.‘ The 
power of agency was vested in Hooper and his wife, 
with authority to manage the estate. In 1795, a sale 
was negotiated with James Old, an ironmaster from 
Pennsylvania. However, as payments were not met, 
the Sheriff of Bergen County (now Passaic County), 
advertised the property for sale for back taxes in 
1803. In 1807 the property was acquired by Martin 
John Ryerson. 

Martin John Ryerson was well known as an iron- 
master, and had successfully operated an iron 
works for many years at nearby Pompton Lakes. In 
fact, his ancestors had been in the iron business for 
nearly 100 years. Ryerson was responsible for pro- 
ducing shot and shell for the US Army during the 
War of 1812. His operations at Ringwood were most 
successful. 

After the death of Martin Ryerson in 1832, his 
sons succeeded in the management. Jacob M. Ryer- 
son served as manager, but failed to make the prop- 
erty pay, due in part to the reduction of the tariff 
on iron, and in part to permitting workmen to over- 
draw accounts at the Company store. The Ringwood 
iron furnace was blown out in 1848, after operating 
for 106 years. The Ringwood property was sold at 
a Sheriff’s sale in 1853 to Peter Cooper. 

However, the Ryerson name has not been lost. 
Today, the Ryerson family is distinguished as the 
oldest in the iron and steel business in America. 

Peter Cooper is probably the most famous pro- 
prietor of Ringwood. He is known as the founder of 
Cooper Union, celebrated technical school in the 
city of New York. He is credited as the inventor of 
the locomotive Tom Thumb. With Cyrus K. Fields, 
he promoted the first trans-Atlantic cable. In his 
early years Cooper had served an apprenticeship as 
a carriage-builder, operated a furniture shop, then 
a grocery shop, and at the age of 33, purchased a 
glue factory. His fortune was based on his virtual 
monopoly in glue and isinglass. 

Peter Cooper was also an ironmaster. He had 
manufactured charcoal iron near Baltimore in 1830 
and operated a rolling mill in New York City in 
1836. In 1845, this activity was moved to Trenton. 
The successful business required sufficient iron ore, 
and hence, the purchase of various mines in north- 
ern New Jersey. 

The Ringwood property was run by Cooper’s son, 
Edward Cooper, and his son-in-law, Abram S. 
Hewitt. 

Peter Cooper received the Bessemer Gold Medal 
of The Iron and Steel Institute of Great Britain in 
1879 for his services in the development of the 
American iron trade. 

Abram S. Hewitt—Partnership between Abram 
S. Hewitt and Peter Cooper was effected in 1844 
with the formation of The Trenton Iron Co. Cooper 
was president, and Hewitt, secretary. At Trenton 
the first iron beams for buildings in the US were 
rolled in 1854. After 1870, the firm was known as 
Cooper, Hewitt & Co. 
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Ores from Ringwood were profitably shipped 
after discontinuance of the furnaces until the 1890's. 
After that, high-phosphorus Ringwood ores found it 
difficult to compete with Lake Superior ores. 

What about Abram Hewitt? In 1874 he changed 
his legal residence from Ringwood to New York 
City, and in 1887 was elected Mayor. In 1890 he 
also was awarded the Bessemer Gold Medal for his 
contributions in the field of metallurgy. 

Ringwood in the Twentieth Century—The Ring- 
wood story since 1900 is not a happy one. The mines 
continued in operation sporadically until 1931, 
when they were shut down for lack of ore. The 
property was operated under the name Ringwood 
Co. by Abram Hewitt’s son Erskine Hewitt, and his 
heirs. 

With the heavy demand for iron ore during World 
War II, the US government purchased the Ring- 
wood mines outright in 1942 as an auxiliary source 
of ore. A sum of almost $4 million is reputed to have 
been expended in reconditioning the mines and 
constructing a modern concentrating plant, but V-E 
Day intervened. Alan Wood Steel Co. did the work 
for the Government. 

A private operator, Patrick Moran, president of 
Ringwood Mines, Inc., purchased the property in 
1947 from the War Assets Administration for 
$1,275,000. His hope to produce 1000 tons of iron 
ore per day was not successful. A total of 46,900 
tons was produced before the property reverted to 
the Government. 

The most recent attempt at operating the Ring- 
wood property was made in 1952. The newly organ- 
ized syndicate of Ringwood Iron Mines, Inc., headed 
by Colonel Lewis Sanders, president and general 
manager, purchased the mines frcm the General 
Services Adminstration for $1.5 million.” Their 
aim was to produce powdered and pelletized iron. 

Two workable mines remain today at Ringwood, 
the Cannon mine, 480 ft in depth, and the Peters 
mine, 2700 ft in depth, with 17 levels. Total produc- 
tion for the Ringwood District to 1931 was about 
2,671,000 tons.” Drilling has indicated that at least 
5 million tons of ore remain in the known ore bodies 
below ground.” 


The Sterling furnace story 


We return now to Sterling Lake, N. Y., 5 mi to 
the north of Ringwood, and to the year 1750. Wil- 
liam and Albert Noble purchased the mines at 
Sterling Lake, and in 1751 constructed a furnace. 
During the Revolution, a partnership was formed 
under the name of Noble, Townsend & Co. 

In addition to cannonballs, the partnership re- 
ceived the prime contract to supply the second chain 
across the Hudson River, stretching from West 
Point to Constitution Island. Here a bend in the 
river required ships to tack. With so little momen- 
tum, the British ships were unable to break the 


Table |. Analyses of Ore From the Sterling Lake District* 


Mine Fe, Pet P, Pet 8, Pet 
Crawford 57.66 2.004 0.178 
Lake 57.25 1.205 0.088 
Redback 52.93 0.028 3.603 
Sterling 61.01 0.284 0.371 
Tip Top 54.03 1.751 0.173 


* Adapted from information contained in The Magnetic Iron De- 
posits of Southeastern New York by R. J. Colony.” 
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chain. (Was this the reason for success, or was it 
superior metallurgy?) The links in the chain were 
2.5 to 3 ft long and weighed from 140 to 150 lb each, 
186 tons total. It was made and delivered in six 
weeks.” For this job, the Government paid £400. 

Other products of the Sterling forges were can- 
nons, and massive iron anchors for the frigates 
Constellation, Constitution, and Congress. 

In 1798, the Nobles sold their interest to the 
Townsend family, who continued in ownership until 
1865, under the name Peter Townsend & Co. In that 
year, control passed to the well-known financier, 
Jay Cooke, and his syndicate. Ownership was under 
the name of the Sterling Iron & Railway Co. 

In 1893, a considerable share of the stock was 
acquired by E. H. Harriman, prominent railroad 
financier, and reorganizer of the Union Pacific Rail- 
road. Two years later, Harriman acquired full con- 
trol. After his death, ownership passed to his sons, 
E. Roland Harriman, and Averell Harriman, former 
Governor of New York. 

The Midvale Steel & Ordnance Co. leased the 
property in 1917, organized the Ramapo Ore Co. 
Inc. to work the lease, and spent approx $4 million 
on improvements at Sterling (including a $100,000 
schoolhouse in conformity with the laws of New 
York State). Ore was shipped to blast furnaces at 
Coatesville, Pa. After acquiring Midvale, Bethlehem 
Steel Co. was in charge of operations briefly until 
the mines were finally closed in 1921. Title to the 
land was acquired from the Harrimans by City In- 
vesting Co. in 1956, and renamed Sterling Forest. 

Sterling Mines—The Sterling mines consist of 
some 22 mines and prospect pits. Of them, the Lake, 
Scott, and Cook, were operated until 1921. 

The ore discovered in 1750 was a large outcrop of 
magnetite on the north slope of the hill at the south 
end of Sterling Lake. This became the Sterling 
mine, named after Lord Sterling, proprietor of the 
land. Here the first blast furnace in New York State 
was erected. The mine, which extended under 
Sterling Lake, was closed in 1902. 

The nearby Lake mine is wholly under Sterling 
Lake. Output from this mine up to and including 
1917 was 1,254,283 tons of magnetite.” 

After the Sterling and Lake mines, the Scott and 
Cook mines were the largest. Total production from 


2 was the center of a little Pittsburgh. The above photo 
(courtesy of W. A. Lucas, Hawthorne, N. J.), taken 
about 1870, shows the furnace in operation; at left is 
the same furnace as it appears today. 


these mines was 1,900,000 tons of ore. Table I gives 
analyses of ore from the Sterling Lake district. 

Sterling Furnaces—The Sterling Works operated 
two furnaces, which together produced 25 tons of 
pig iron per day. These were the Sterling Lake 
furnace and the Southfields furnace. 

The original Sterling Lake furnace was built in 
1751, and torn down in 1804. The most recent fur- 
nace was operated from 1847 to 1890. In later years, 
anthracite replaced charcoal. Its remains are pre- 
served today, and the City Investing Co. has covered 
the furnace with a roof, of appearance similar to the 
Jefferson Memorial in Washington. Pigs made at 
Sterling were stamped with a horse head emblem, 
the family coat of arms of the Sterlings. 

Construction of the Sterling Mountain Railway in 
1865 gave direct access to the New York and Erie 
Railroad for mine and furnace products. Connection 
was made near Sloatsburg, 8 mi away, and over 
heavy grades and around sharp curves. Remains of 
the rusted track, abandoned since 1921, are visible 
today. 

Southfields furnace, built about 1830, was mod- 
ernized in 1839, and produced pig iron until 1887. 
A direct rail connection was made with the New 
York and Erie Railroad, 0.5 mi distant. Pigs were 
shipped to Cornwall on the Hudson, and from there 
by water to the West Point Foundry at Cold Spring, 
New York. Here the famous Parrott guns and shells 
were constructed. They proved their worth during 
the Civil War (Fig. 3). 


The Greenwood story 


On the periphery of the Sterling Forest area is 
one additional furnace of historic interest, still 
standing today. This is the Greenwood furnace, at 
Arden, N. Y. Just a few hundred yards east of the 
Erie Railroad and the parallel New York State 
Thruway, it is visible to the traveler if he knows 
where to look and has sufficient interest! (Fig. 2.) 

The Greenwood furnace was part of the Green- 
wood Iron Works at a time when Arden was known 
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as Greenwood. During the Civil War this area was 
a miniature Pittsburgh, with a population of 2000. 
Ore was mined nearby, charcoal was produced from 
the neighboring forests, and pigs and blooms were 
smelted and shipped. 

The first Greenwood furnace, built in 1811, was 
located in a ravine, where the Arden Brook sup- 
plied power for a saw mill and a stamping mill. At 
the latter, ore was broken into small pieces prior 
to smelting. 

In 1838, the property was acquired by the Par- 
rott Brothers, Peter P. and Robert P. Peter became 
manager of the Greenwood property, and Robert, 
the superintendent of the West Point Foundry at 
Cold Spring. He acquired the secrets of rifled can- 
nons of the Krupps in Germany, and by the out- 
break of the Civil War, had patented the Parrott 
gun and the expanding projectile to be used with it. 
His gun had longer range with accuracy than any 
previous artillery piece. 

In 1854, Greenwood Furnace No. 2 (also known 
as Clove furnace) was constructed. As the New 
York and Erie Railroad had been completed in 
1841, anthracite rather than charcoal was used from 
the beginning, due to its availability.” (See Table 
II.) 

The Greenwood furnaces, as was the case with 
the nearby Southfields furnace, shipped a large per- 
centage of their product to the West Point Foundry. 
It has been said that what Sterling furnace was to 
the Nation in the American Revolution, Greenwood 
furnaces were during the Civil War." 

Greenwood could not survive the Mesabi com- 
petition. In 1871 the Greenwood charcoal furnace 
ceased operation; in 1885, the Greenwood anthracite 
furnace closed down. 


Early iron making—a summary 


The early iron furnaces, like modern steelworks, 
were products of economic conditions of the day. 
Ore was available, for the Ramapo Hills where New 
York and New Jersey meet are well supplied with 
magnetite. For charcoal smelting the ore, wood was 
available in abundance. Power was present in the 
form of lakes and streams. The Sterling Forest area 
was ideal for carrying out all metallurgical opera- 
tions from mine to finished shapes. Finally, trans- 
portation in the form of the nearby Hudson River, 
carried finished goods to communities on the eastern 
seaboard. 


The Present— 
Research laboratory in schoolhouse 


The past is only one part of the metallurgical 
picture at Sterling Forest. A rebirth is taking place, 


Fig. 3—Southfield furnace, as it looks today, produced 
iron for the famous Parrott guns used in the Civil War. 


and even now interesting developments are be- 
ginning to issue from the old school building orig- 
inally built for the children of miners working for 
Ramapo Ore Co. Here in this rustic stone building, 
a busy crew of some 30 engineers and scientists have 
worked in a temporary laboratory operated by the 
research departments of two divisions of Union 
Carbide Corp. 

For two and a half years, research projects of the 
Union Carbide Nuclear Co. and the Union Carbide 
Ore Co. have been carried out. Their programs are 
parallel in spite of the differences in the names of 
the two divisions. Union Carbide Nuclear Co. mines 
and treats ores of uranium, vanadium, tungsten, 
and molybdenum from deposits in the US, while 
the Ore Co. purchases ores and develops deposits 
abroad. The research program carried out in the 
old schoolhouse in Sterling Forest concerns geology, 
mineralogy, and ore processing in support of min- 
ing and milling activities. 

Metallurgical work includes the following: basic 
chemical studies of the four metals; process im- 
provement work; development of new processes to 
upgrade mineral products; and the economic studies 
of techniques to process ores from the firm’s Bishop, 
Calif., mine and its mines on the Colorado Plateau 
to yield additional valuable materials. Operations 
vary from basic research to pilot-plant work. 


Owner Year Built 


Name 


Sterling No. 2 Peter Townsend & Co. 1847 


Southfield 


built 1839 


Greenwood No. 1 


Parrott 
Robert P. & Peter P. 
Parrott 1854 


Greenwood No. 2 


J. P. Lesley." 


Table II. Pig Iron Furnaces of Sterling Forest Area in 1859* 


Type Dimensions 


Peter Townsend & Co. About 1800; re- Hot-blast charcoal 12 ft wide at bosh; 40 ft 


Robert P. & Peter P. 1811, enlarged Hot-blast charcoal 11 ft wide at bosh; 42 ft 
1825 i 


Anthracite 


* Chart prepared from information in The Iron Manufacturer's Guide to the Furnaces, Forges and Rolling Mills of The United States by 


Production 


Hot-blast charcoal 13 ft wide at bosh; 48 ft 2520 tons in 48 weeks of 1857 
high 


6353 tons from Oct. 11, 1850 

high to July 3, 1853, with 62 
days stoppage 

1500 tons in 1856 


5000 tons in 1855 


ig 
18 ft wide at bosh; 54 ft 
high 
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Fig. 4—A far cry from metallurgical activities in Ster- 
ling Forest’s past, this is how the Union Carbide Re- 
search Center will look upon completion. 


Already an important new process has come out 
of the Sterling Forest laboratories. It concerns am- 
monium paratungstate . . . a substance that is the 
end product of the separation of tungsten from 
molybdenum. 

The problem arose with the processing of com- 
plex molybdenum-tungsten ores at Bishop, Calif. 
A synthetic scheelite (calcium tungstate) is pro- 
duced there. But molybdenum proved difficult to 
separate completely, although it must be reduced 
to exceedingly low levels to satisfy the demands of 
users who would produce filaments and tungsten 
carbide. 

After several years of work, scientists at Sterling 
Forest have developed a process to separate molyb- 
denum from tungsten. It is important because of 
the resulting high-purity tungsten in the form of 
ammonium paratungstate and the byproduct mo- 
lybdenum. Its economic advantages must also be 
stressed, because the process involves solvent ex- 
traction, in which reagents are not consumed and 
the solvent can be effectively recycled. It is the first 
solvent extraction process developed to treat schee- 
lite ores. 

But this was the last metallurgical development 
in the old stone schoolhouse; the laboratory has 
now moved away. Why move after such a short 
period of time, and why was this research labora- 
tory of such a large corporation established in 
cramped quarters in the middle of a forest? 

The answer is quite simple . . . the schoolhouse 
was never anything else but an expedient along the 
road to the development of the large research cen- 
ter of Union Carbide Corp. in Sterling Forest. 

The choice of Sterling Forest requires a little 
more explanation. A large segment of the research 
effort eventually to be carried on by this research 
center will require the use of a nuclear reactor and 
associated radioactive materials. When originally 
contemplated, the US Atomic Energy Commission 
required as a safety factor that a reactor be in- 
stalled on a tract of land not smaller than 1000 
acres. While this requirement is no longer in effect, 
it was a factor in the original choice of a site. In 
addition, the proximity to New York City was felt 
to be desirable for the new center, but where could 
a 1000 acre tract be found near the metropolitan 
area? The answer was found in Sterling Forest, and 
a temporary laboratory was set up at the old school 
building, while construction plans were made for 
the new research center. 


Union Carbide Research Center 

The multimillion dollar research center of Union 
Carbide Corp. at Sterling Forest is being built on 
a 100-acre site. Construction plans call for a two- 
phase program. 

Phase one . . . just completed . . . includes three 
buildings with a total of some 100,000 sq ft of floor 
space. They are designed to house research groups 
of the Union Carbide Nuclear Co. and the Union 
Carbide Ore Co... . the same groups as were in the 
temporary laboratory. Now in their new quarters, 
the research effort of these groups will be expanded 
greatly with additional staff and equipment, al- 
though the direction of the research effort is not 
expected to change greatly. The three phase-one 
buildings are: a main research laboratory including 
administrative functions, a minerals and engineer- 
ing building for pilot-plant work, and a power and 
utilities building. In all of these buildings provi- 
sions have been made for future expansion. 

Phase two . . . scheduled to be completed in the 
fall of 1960 . . . includes a 5 Mw swimming-pool 
reactor and a radio active materials laboratory. 
With the completion of phase two, the research cen- 
ter will eventually be brought up to a complement 
of some 200 persons. 

One of the first long-range research projects 
scheduled to be undertaken by the Nuclear Co. in 
the new laboratories pertains to the utilization of 
fission energy for the improvement and develop- 
ment of new products and processes. 


A glance at the future 

Union Carbide Corp. is only the first of what is 
expected to be a number of research groups es- 
tablishing themselves within the confines of Ster- 
ling Forest. 

This area ... the site of America’s first Pittsburgh 
and for the past 100 years gradually passing into 
oblivion is now coming alive once more and 
moving ahead rapidly under the direction of its 
present owners, City Investing Co., to become a 
research, as well as a cultural, center of America. 

Sterling Forest lives anew. 
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BLAST FURNACE 


out with nitrogen. 


O obtain better understanding of the blast-fur- 
nace process, the contents of the US Bureau of 
Mines experimental blast furnace were quenched 
with a neutral nitrogen atmosphere following nor- 
mal operation, and then extensively sampled for 
analysis. 

Quenching was accomplished by suddenly replac- 
ing the blast air to the furnace with an equivalent 
flow of nitrogen. After the furnace contents had 
cooled to room temperature, the furnace shell and 
refractory lining were cut away, a few feet at a 
time, and the contents of the entire furnace re- 
moved. Selected samples of material from the stack, 
bosh, and hearth of the furnace have been chemi- 
cally and petrographically analyzed. 

The exact nature of the transformation of blast- 
furnace charge materials into iron, slag, and gas has 
long remained unexplained. If further improve- 
ments are to be made in the already efficient blast- 
furnace process, specific information must be made 
available concerning the complex physical and 
chemical changes that take place inside the furnace. 
For example, more complete information is needed 
concerning 1) the reduction of iron-bearing raw 
materials; 2) the distribution of materials through- 
out the stack; 3) the size, location, and makeup of 
the fusion zone; and 4) the transfer of silicon, sul- 
fur, and carbon to the slag and metal. It was felt 
that this information could be obtained, if the 
reactions in an operating blast furnace could be 
instantaneously arrested and the contents frozen 
in place, cooled, and then completely analyzed. 

Several years ago the Reserve Mining Co. froze 
and sampled an experimental blast furnace in co- 
operation with the Mines Experiment Station at the 
University of Minnesota. This work by McCutcheon, 
Marshall, and Barnes' was reported in the 1951 
PROCEEDINGS of the AIME Blast Furnace, Coke 
Oven, and Raw Materials Committee. At the close 
of the Minnesota experimental blast furnace cam- 
paign, the furnace was cast dry, the wind stopped, 
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NITROGEN QUENCH OF EXPERIMENTAL 


Preliminary results of chemical and petrographic analyses of samples from 
US Bureau of Mines experimental blast furnace quenched by blowing it 


by J. J. Bosley, Norwood B. Melcher and M. M. Harris 


and a slight flow of nitrogen introduced through 
the top of the furnace to cool the stock in a neutral 
atmosphere. This study provided much useful in- 
formation. Casting the furnace dry, however, elimi- 
nated the opportunity to study the slag and metal 
in the hearth; cutting off the wind may have allowed 
the stock to settle unevenly, and the slow cooling 
may have allowed molten material that otherwise 
would have been present in the stack or bosh to 
drain down into the hearth. 

The opportunity to expand this field of research 
presented itself during operation of the US Bureau 
of Mines Pittsburgh experimental blast furnace, 
when, at the conclusion of the 1957 campaign, the 
Bureau planned to dismantle the furnace and re- 
build it at its new Bruceton laboratory. It was then 
proposed to quench the furnace and sample its 
contents. On Oct. 12, 1957, the experimental blast 
furnace, with a full hearth of slag and metal, was 
quenched by suddenly replacing the blast air with 
nitrogen and maintaining a high flow of nitrogen 
through the tuyeres until the furnace contents had 
cooled. 

This paper describes actual quenching and cool- 
ing of the furnace, the sampling, and the sample 
processing; some preliminary observations concern- 
ing the physical and chemical makeup of the 
furnace contents are presented. 


The furnace 


The experimental blast furnace was designed 
to conform to the general lines of a full-scale fur- 
nace. Its construction is shown in Fig. 1. The furnace 
had a hearth diameter of 4 ft, a working height of 
21 ft 4 in. from the tuyeres to the stockline .. . 
three tuyeres equally spaced around the bottom of 
the bosh .. . a bustle pipe that extends completely 
around the bosh . . . two gas offtakes on top .. . and 
a revolving small bell and hopper. The auxiliary 
equipment included two pebble stoves for heating 
the blast. 

To provide nitrogen for the quench, an installa- 
tion capable of supplying over 1000 std cfm of ni- 
trogen to the furnace cold-blast lines at a pressure 
less than 10 psig was set up. This installation con- 
sisted of three cylinder trailers having a total 
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Fig. 1—Vertical section of experimental blast furnace and pebble 
stove. 


Fig. 4—Drill core trom frozen hearth. 


capacity of 125,000 cu ft, to act as a surge tank for 
three mobile pumping units, each having a 101,000 
cu ft supply. Nitrogen was transported to the scene 
in three liquid-nitrogen trailers, each carrying a 
250,000-cu ft supply of nitrogen gas. 


The quench 


At the time of the quench the furnace was oper- 
ating smoothly on a burden of Venezuelan coarse 
ore (—3 in., +% in.) and Venezuelan ore sinter at 
a coke rate of 1300 lb per ton of hot metal (thm). 
Table I lists the furnace burden for the period pre- 
ceding the quench. This burden is similar to the 
one used at U.S. Steel’s Fairless Works during the 
then record production months of 1957. Scrap was 
charged in about the same proportion as on the 
Fairless furnaces. Because of the low gangue con- 
tent of the ore and sinter, gravel was added to the 
burden to raise the slag volume to 600 lb per thm. 

For 14 hr before the quench, raw materials 
charged to the furnace were sampled every third 
charge. In order that a comparison could be made 
with the quenched burden, the size and chemical 
analyses of all these samples were obtained. 

The experimental furnace was operating on a 3- 
hr casting schedule, with a flush 2 hr after the cast. 
Operating data for the 24-hr period before the 
quench are given in Table II. 


Fig. 2—Location of 
samples from stack 
selected for analy- 
sis. 


Fig. 3—Location of 
samples from bosh 
selected for analy- 
sis. 


Fig. 5—Location of 
drill cores from 
hearth selected for 
analysis. 


Fig. 6—Sliced plas- 
ticized section. 


The quench started 2 hr and 10 min after the last 
cast, and 18 min after the last flush. Nitrogen was 
introduced into the cold-blast lines, replacing an 
equivalent quantity of cold-blast air, until only ni- 
trogen was flowing through the stoves into the 
bustle pipe. The air blower was then turned off, the 
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Fairless coke 1330 
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PER CENT REDUCTION 
Fig. 7—Per cent reduction vs distance above tuyeres. 


stoves bypassed, and cold nitrogen flowed directly 
to the bustle pipe at a rate of about 1000 cfm. It 
took less than 4 min to accomplish this complete 
changeover. 

To prevent excessive heat from being driven up 
into the stack and to aid in effecting a quick freeze 
of the bosh, steam was injected into the nitrogen 
stream at the rate of 9 Ib per min for a period of 40 
min. It had been calculated that these quantities of 
steam and nitrogen would cool the tuyere-zone 
materials to below 1000°F and cool the entire bosh 
to below 1500°F in that time. Some chemical re- 
actions may have occurred due to the addition of 
steam. However, such changes are believed unim- 
portant when compared to the advantage gained by 
preventing the occurrence of abnormally high tem- 
peratures in the stack. 

Also, to help with the cooling, water was sprayed 
over the entire furnace shell. It was possible to fol- 
low the progress of cooling in the stack by observ- 
ing the readings of 12 thermocouples placed in the 
burden at various elevations 5 to 19% ft above the 
tuyeres. Before the quench, these temperatures 
ranged from 200°F near the top of the stock to 
2380°F along the wall 5 ft above No. 1 tuyere. Three 
hours after the quench started, the top thermo- 
couple (that had read 200°F) reached its peak 
temperature of 680°F, while the thermocouple 5 ft 
above No. 1 tuyere (that had read 2380°F before 
the quench) dropped to 860°F. Thirty-two hours 
after the start of the quench, each of the 12 thermo- 
couples read under 200°F. At this point the nitrogen 
flow was cut from 1000 cfm to a flow rate just suf- 
ficient to maintain positive pressure in the stack. A 
total of 2,700,000 std cu ft of nitrogen was consumed 
during quenching and cooling of the furnace. 


Sampling 

When the furnace contents had cooled to room 
temperature, the furnace top was removed, and the 
shell and refractory lining cut away a few feet at a 
time. A gridwork of 6-in. squares was placed on 
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Fig. 8—Sulfur pickup by ore and sinter. 
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Fig. 9-—Sulfur pickup in stone and dolomite. 


each level, and the burden in each square was dug 
out in 6-in. cubes. Approximately 2200 samples of 
this size were removed from the furnace above the 
tuyeres. 

In the lower bosh region, samples were dug out 
in 2-in. layers 6 in. square. Large pieces of mate- 
rial fused or fritted together were removed intact. 
The 2-ft-thick frozen mass of slag, coke, and metal 
found in the hearth was core-drilled across a diam- 
eter and a radius to separate the mass for visual in- 
spection and to obtain samples for chemical and 
petrographic analyses. 

Size analyses were run on material in selected 
6-in. cubes at each level from the stockline to the 
bosh zone. The contents of each cube was rotapped 
over l-in., %-in., 4-mesh, 6-mesh, 10-mesh, and 
100-mesh sieves, and the weight of each fraction 
recorded. The +4-mesh material was hand-sepa- 
rated into coke, ore, sinter, gravel, scrap, and stone, 
and the weight recorded. Fig. 2 shows the locations 
in the stack for which chemical analyses of the 
quenched burden materials were obtained. Chemi- 
cal analyses were run on the materials from every 
sixth level (that is, every 3 ft) down through the 
stack. 

Fig. 3 shows the locations from which the chemi- 
cally analyzed bosh samples were taken. These 
locations were chosen so that analyses could be ob- 
tained for materials in one of the frozen tuyere 
raceway outlines, from spaces between the tuyeres, 
from the center of the furnace, and from the space 
in front of a tuyere. 

Fig. 4 is a photograph of one of the drill cores 
removed from the frozen hearth. Five of these cores 
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Fig. 10—Photograph of the frozen tuyere zone. 


taken from the locations shown in Fig. 5 were cut 
into slices 1 in. thick. Slag was removed from the 
slag-coke slices and chemically analyzed. Metal 
milled from the metal-coke slices was also chemi- 
cally analyzed. 

As the furnace was being dug out, a core of the 
burden from the stockline to the tuyeres was ob- 
tained by pouring an epoxy resin onto the stock 
over an area 8 to 10 in. in diam. These plasticized 
sections (Fig. 6) were sliced for visual and petro- 
graphic examination. Study of these sections has 
not yet been completed; however, results will be 
published in a later paper. 


Results and discussion 


Studies of chemical analyses have been completed 
to the extent that some preliminary results can be 
reported. In this discussion the furnace is divided 
into three regions—stack, bosh, and hearth—and 
each is discussed separately. 

The Stack: The quenched burden in the stack was 
densely packed and contained about 18 pct —4-mesh 
material. The material charged to the furnace con- 
tained only 14-% pct of —4-mesh material; so, some 
decrepitation must have taken place. However, the 
presence of 18 pct of —4-mesh material in the bur- 
den had no effect on normal furnace operation at 
superficial stack velocities of approximately 4 fps. 

The burden appears to have moved in layers. 
Concentrations of ore, then sinter, were found at 
alternate levels down through the stack. Despite 
this apparent pluglike movement, some mixing took 
place in the stack, because some +4-mesh ore was 
found in regions of high sinter concentration, and 
some +4-mesh sinter was found in regions of high 
ore concentration. 

Fig. 7 is a plot of the average percentage reduc- 
tion of the ore and sinter versus their location in 
the stack of the furnace. The ore and sinter were only 
about 65 pct reduced just above the mantle. The 
path of reduction is not followed below the mantle 
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Table II. Operating Data for Period Before Quench 


Production rate, lb/hr 1620 
Coke rate, Ib/thm 1330 
Slag volume, |lb/thm 595 
Wind rate, std cfm 800 
Hot-blast temperature, ° 1825 
Sulfur in metal, pct 0.070 
Silicon in metal, pct 0.95 


1.00 
SiO» + AlpOs 


level because it became increasingly difficult to 
establish the identity of the material removed from 
the bosh. Accordingly, analytical results are not yet 
available for the ore and sinter samples taken in 
this region. On the basis of petrographic observa- 
tion of samples from the stack and the bosh, it ap- 
peared that the degree of ore and sinter particle 
reduction varied inversely with the size of the 
particle. Because standard laboratory reducibility 
tests have indicated that sinter is less reducible 
than ore, it is interesting to note that the degree of 
reduction in the ore and sinter is approximately the 
same down through the stack of the furnace. It ap- 
pears, then, that standard reducibility test results 
are not compatible with blast-furnace operating 
results. This discrepancy is probably due to differ- 
ences in process temperature, gas composition, and 
size spectrum of the ore and sinter used in the re- 
ducibility test as compared to those found in actual 
furnace conditions. This suggests that the standard 
reducibility test needs some revisions to make re- 
sults more useful. In this connection, a reducibility 
test is being developed that will allow for these 
factors. 

Fig. 8 shows the sulfur pickup of the ore and 
sinter as they pass down through the stack of the 
furnace. Sulfur is picked up in the lower stack by 
the partially-reduced, iron-bearing materials. Fig. 
9 is a plot of the sulfur content of the flux versus 
stack location. Because there is no sulfur in the 
furnace top gas and no sulfur pickup by the mate- 
rials in the upper portion of the stack, it is apparent 
that all of the sulfur in the furnace gas is removed 
in the lower half of the stack. 

The fluxing materials were found well distributed 
throughout the stack. Analysis of the flux materials 
showed that some of the limestone and dolomite 
remained uncalcined at temperatures well above 
1600°F. 

The Bosh: As mentioned previously, below the 
mantle it became increasingly difficult to identify 
pieces of ore and sinter. However, an abundance of 
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Fig. 12—Sulfur content of bosh slag beads. 
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Fig. 14—Carbon content of bosh metal beads. 
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frozen droplets or beads of what had been molten 
metal, molten gangue, and pieces of glazed lime 
were found. Midway in the bosh three large, fritted 
masses of material were discovered in locations 
above but between the tuyeres. Loose material was 
found on all sides. These masses, together with the 
tuyere raceways probably make up the active 
melting zone in the bosh during normal furnace 
operation. The flow of gas was probably straight up 
from the tuyeres; the velocity of the gas was pos- 
sibly such that the molten metal and slag droplets 
were blown aside and passed down through the 
lower bosh zone between the tuyeres. Petrographic 
analysis of these masses indicated that they contain 
considerable iron. A more complete study of this 
zone is now being undertaken and will be reported 
at a later date. 

Tuyere raceway outlines were found in front of 
each tuyere. Fig. 10 is a photograph of the tuyere 
zone that clearly shows all three raceways and the 
apparent dead spaces between. Part of the plasti- 
cized section mentioned previously can be seen. 

Droplets of frozen metal began to appear about 
one-third of the way down the bosh. Fig. 11 is a plot 
of the average sulfur content of the bosh metal 
beads versus their location. The first beads con- 
tained an average of 0.23 pct S, considerably higher 
than the 0.15 pct S content of the reduced ore and 
sinter from which they came. Sulfur pickup prob- 
ably was very rapid while the iron was melting. 
The sulfur in the beads began to drop almost im- 
mediately, and by the time these beads were about 
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Fig. 13—Silicon content of bosh metal beads. 
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Fig. 15—Basicity of bosh slag beads. 


to enter the slag bath the sulfur content was down 
to 0.12 pet. Sulfur was probably removed by slag- 
metal contact in the lower bosh zone. Fig. 12 is a 
plot of the sulfur content of the bosh slag beads 
versus their location. The slag beads increased in 
sulfur content from 0.6 to 1.3 pct as they passed 
through the bosh toward the hearth. This increase 
in sulfur corresponds, approximately, to the loss in 
sulfur of the metal beads passing through the same 
zone. Apparently, some metal desulfurization oc- 
curred before the metal dropped into the slag bath. 

The silicon content of the metal beads is shown in 
Fig. 13. When the beads first formed, the silicon 
content was only 0.40 pct, but as the beads moved 
down through the tuyere zone, the silicon rose to 
over 2.00 pct. The high temperatures in the tuyere 
zone probably promoted reduction of silica to silicon 
in the metal. 

Fig. 14 shows the carbon content of the bosh 
metal beads. The first beads formed were low in 
carbon, but the carbon content in the tuyere zone 
rapidly increased to about 3.75 pct before the beads 
entered the hearth. This was approximately the 
same carbon content as that of the metal found in 
the frozen hearth. Apparently, carbon dissolves 
quickly in the hot metal beads as they pass through 
the bosh zone, and there is no further appreciable 
change in carbon content of the metal waile it is in 
the furnace. 

Chemical compositions of the nonmetallic beads 
found high in the bosh indicate that they were 
probably molten gangue. Pieces of calcined flux 
were also found throughout the bosh zone, while 
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Fig. 16—Cross section of the frozen hearth. 


beads that appeared to be a combination of gangue 
and flux were found for the first time just outside 
the tuyere zone. As shown in Fig. 15, the basicity 
of the slag beads appeared to be at a generally 
higher level near the surface of the slag bath than 
just above the tuyeres. There is some evidence to 
support the theory that the first slag beads formed 
may be a combination of coke ash and flux. For 
instance, the silica:manganese ratio in the slag 
beads more nearly approximates that of a com- 
bination of coke ash and flux than the silica: manga- 
nese ratio of a combination of ore or sinter gangue 
and flux. 

The Hearth: Fig. 16 is a photograph of the in- 
terior crosssection of the frozen mass of material in 
the hearth. This mass consisted of a layer of slag 
above a layer of metal, with coke mixed throughout. 
Coke extended to the very bottom of the hearth at 
some points. This coke had the same general ap- 
pearance as the coke charged to the furnace. 

Beads of metal were found throughout the slag 
layer. They were probably trickling through the 
slag toward the metal bath when the hearth froze. 
The sulfur content of these beads was only 0.058 pct 
—about half that of the beads above the slag layer. 
This drop in sulfur resulted from immersion of the 
metal droplets in the higher basicity slag layer. The 
slag in the hearth had an average basicity of 1.08, 
which is higher than the 0.90 basicity of the slag 
beads immediately above the slag bath. This in- 
creased basicity probably resulted from calcined 
flux in the bosh dropping inte and dissolving in the 
hearth slag. The sulfur content of the hearth slag 
was only 1.08 pct, somewhat less than the sulfur 
content of the bosh slag beads, but this too is prob- 
ably the result of dilution. 

The average silicon content of the frozen hearth 
metal was about 0.75 pct, considerably less than the 
2 pct Si contained in the beads above the metal 
layer. This drop in silicon of the hearth metal might 
be explained by reoxidation of silicon at the slag- 
metal interface by metallic oxides in the slag. 

There was a distinct difference between the com- 
position of the metal in the top of the metal layer 
and that in the bottom. The metal on top had a 
silicon content of 0.96 pct and a sulfur content of 
0.045 pct, whereas that on the bettom had only a 
0.53 pet Si and a 0.111 pct S. This was not a gradual 
change but rather a sharp break at about the half- 
way level in the metal bath. This might be explained 
by noting that the metal in the bottom of the hearth 
did not pass through a layer of slag while dropping 
into the hearth bottom. Or possibly there was a tem- 
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Fig. 17—Pattern of sulfur transfer to iron. 


perature gradient from the slag-metal interface to 
the hearth bottom during the quench, which may 
account for this change in composition. However, 
if the former is true, perhaps the practice of closing 
the iron notch with full wind on the furnace, and, 
thus, leaving a layer of slag in the furnace bottom, 
might result in better control of metal quality. 


Summary and conclusion 


Our major findings to date can be summarized as 
follows: 


1) Ore and sinter were 65 pct reduced just above 
the mantle; and, as might be expected, the degree 
of reduction was greater for the smaller sizes of ore 
and sinter particles. 

2) As shown in Fig. 17, iron picked up sulfur and 
was then desulfurized in the bosh and in the hearth 
in the following manner: a) Partly reduced ore 
and sinter picked up sulfur; b) The bosh-metal 
beads, which were higher in sulfur than the partly 
reduced ore and sinter, lost sulfur as they passed 
through the bosh toward the slag bath; and c) 
These beads desulfurized in the slag and further 
desulfurized at the slag-metal interface. 

3) Flux materials in the lower stack picked up 
sulfur. 

4) The flux and the gangue do not combine into 
a common slag until just above the active tuyere 
zone and not high in the bosh, as had been suspected. 

5) A frozen outline of a raceway or active smelt- 
ing zone existed in front of each tuyere. 

6) Coke was mixed throughout the slag and 
metal in the hearth. It had the same general ap- 
pearance as the coke charged to the furnace. 

7) The first metal found was low in carbon, but 
the carbon content increased rapidly in the molten 
metal beads near the tuyere zone. There was no 
further appreciable change in the carbon content 
of the metal, even in the coke-filled hearth. 


More than 6000 separate chemical determinations 
have been run to date on the materials taken from 
the quenched experimental blast furnace. Much 
more sampling and analytical work is planned, 
particularly on the material removed from the bosh 
zone of the furnace, so that some day a more com- 
plete story of blast-furnace reactions may be pre- 
sented. 
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NEW TECHNIQUE 


BETTER TITANIUM CASTINGS 


Castings free of gaseous porosity are now being obtained by a double melt- 


FOR 


ing process. In the second melting a consumable arc furnace is used to vac- 


by M. L. Torti 


XTENSIVE research has been devoted to the 
development of an expendable mold material for 
titanium casting." “* High-temperature oxide re- 
fractories were found to be generally unsatisfactory, 
due to rough, contaminated casting surfaces. But 
great promise was shown by an expendable, graph- 
ite material developed by A. L. Field.’ 

It is well known that simple shapes can be cast 
into clean copper molds with no surface contamina- 
tion or bonding. Extensive work has been done by 
the US Bureau of Mines at Albany, Ore., on the 
use of machined, graphite molds.’ But . . . since the 
cost of the mold is a function of the complexity of 
the shape to be cast, and since only limited mold 
life can be expected, economic considerations may 
limit the use of machined, graphite molds to rela- 
tively simple shapes. 

Production of non-porous castings has not re- 
ceived the attention given the development of suit- 
able mold materials, but porosity is a major con- 
sideration in any casting process. When the sound- 
ness of experimental castings was evaluated, gas- 
eous porosity was generally reported,”**** and 
no reports of consistently sound castings were re- 
ceived. Consequently, an investigation was con- 
ducted to determine the causes of gaseous porosity 
and procedures for their elimination, as well as to 
develop and evaluate mold materials. 

Although mold design can be used to reduce gas- 
eous porosity, the resulting design may cause other 
casting defects, such as shrink porosity, which can 
only be eliminated by mold design. Thus, it is ex- 
tremely valuable to eliminate gaseous porosity by 
means other than fnold design. 


Vacuum arc furnace used 


The arc furnace used for the titanium-casting 
program was the NRC Model 2703. Either permanent 
or consumable electrodes may be used. The cast cop- 
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uum cast titanium into expendable graphite molds. 


per crucible is 8% in. in diam and 8 in. deep. The cru- 
cible and its cover are cooled by water flowing 
through copper tubing welded to the exterior. A co- 
axial arrangement, which tilts the furnace for 
pouring, contains the water and power connections 
for the crucible. A 6-in. oil diffusion pump, backed 


Fig. 1—Radiograph of test casting showing large internal voids. 
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Fig. 2—Radiographs of three test castings which were poured into machined copper molds using chloride-free melt stock. 
Sponge containing chlorides was melted in the furnace prior to this series of castings. Porosity in the upper section of the 
crossbar was reduced in each succeeding casting (left to right), due to reduction of chlorides in the furnace by successive 


cleaning operations. 


by a 100 cfm mechanical pump, maintains a vacuum 
as low as 2 » during melting. A 5000 amp direct 
current is supplied by five welding generators; all 
melting is done with the electrode negative. 
Melting was made in vacuum at the pressure range 
of 2 to 20 ». All inert gas melting was done in an 
atmosphere of 250 mm. Permanent-electrode melt- 
ing was accomplished using 3500 amp, while con- 
sumable melting was done using 5500 amp and a 
3-in. diam titanium electrode. 


Hydrogen not a cause 


Voids previously found in titanium castings have 
been spherical in shape, often % in. or more in 
diam. They were generally trapped just below the 
horizontal upper surfaces of the mold. It appeared 
that these voids were gas bubbles of some sort, 
which were attempting to rise and escape, but were 
trapped by the solidifying metal. Fig. 1 shows a 
typical radiograph of a casting containing these 
voids. 

Precipitated hydrogen has been frequently postu- 
lated as a unique cause of porosity in titanium cast- 
ing. It has been proposed that the solubility of 
hydrogen in titanium decreases abruptly upon solid- 
ification; thus, hydrogen would be precipitated, 
forming voids in the cast material. To investigate 
this, titanium was remelted several times under 
vacuum using a permanent-electrode, reducing the 
hydrogen content from 150 to 10 ppm. No reduction 
in porosity was observed when this material was 
cast into non-outgassed machined graphite molds in 
an atmosphere of 250 mm A. 

Moreover, the position of the porosity was such as 
to make it extremely difficult to imagine how it 
could have been caused by the precipitation of any 
gaseous phase. The porosity was in the form of large 
bubbles trapped just below the upper surface of the 
mold cavity. It would be expected that any gas 
precipitated upon solidification would be concen- 
trated in the areas that were the last to freeze, or at 
least distributed evenly throughout the metal. Thus, 
the final effect would be an exaggerated shrink void, 
or else micro-porosity distributed throughout the 
metal. In view of the porosity’s failure to appear in 
either of these forms, the precipitation of a gaseous 
phase upon solidification was discarded as a cause of 
porous titanium castings. 


Entrapped chlorides investigated 


The possibility of chloride vapor entrapment in a 
casting is quite good. Titanium sponge generally 
contains rather large amounts of sodium or mag- 
nesium chloride from the reduction process, and 
these are quite volatile, boiling out furiously when 
the sponge is melted. The vapors circulate through- 
out the furnace and condense on all cool surfaces, 
including the mold. 

Fig. 2 shows radiographs of three successive 
castings poured into copper molds. Chloride-free 
remelt stock was used, but sponge containing 
chlorides had been melted in the furnace just prior 
to this experiment. The furnace was cleaned 
thoroughly after each casting run. As can readily be 
seen the progressively diminishing porosity in the 
upper portion of the cross bar of the casting, re- 
duction in porosity coincided with the gradual 
elimination of the chlorides deposited throughout 
the furnace interior. 

Samples of the casting void gas were taken by 
drilling into the radiographically-located voids. The 
interiors of the voids were rinsed with de-ionized 
water, which was then analyzed for chlorides. This 
analysis is sensitive enough to detect 10 ug of chlo- 
rides. Several hundred wg were detected in the 
majority of voids tested. Simple calculations, which 
assumed magnesium chloride as a perfect gas at 
1700°C, showed that the quantities of chlorides 
found were sufficient to give partial pressures of 100 
to 200 mm in the voids immediately after solidifica- 
tion. This agrees reasonably well with the argon 
pressure of 250 mm in the furnace. 

Voids were opened under vacuum and the re- 
leased gases analyzed on a mass _ spectrograph. 
Significant amounts of argon were detected, and it 
is calculated that the argon pressure in the void 
upon solidification was approximately 50 mm. Thus, 
some argon was trapped upon solidification, perhaps 
together with the chloride vapors. 

Titanium is expected to be highly susceptible to 
inert gas entrapment, due to its light weight. Be- 
cause of the narrow temperature range of solidifica- 
tion in pure titanium and the relatively low super- 
heat attainable, it would, further, be expected that 
a solid layer of titanium would form on the mold 
cavity, thus trapping any inert gas which had been 
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Fig. 3—Radiograph 
of casting poured 
under vacuum into 
an outgassed ex- 
pendable graphite 
mold using chloride 
free melt stock. 


swept into the mold. Figs. 2 and 4 show radiographs 
of two castings poured under identical conditions, 
except that the casting shown in Fig. 2 was poured 
in an argon atmosphere, while the one shown in 
Fig. 4 was cast in vacuum. Gross porosity caused 
by argon entrapment is quite noticeable, thus 
emphasizing the need for vacuum melting. 


Effect of mold material 


Another possible cause of porosity in titanium 
castings is the entrapment of gases liberated by the 
reaction of molten titanium with the mold material. 
It was not possible to obtain any direct evidence of 
this in the present work, however, other authors 
have reported that porosity increased when molds 
bonded with silicates or other reactive binders were 
used.’ 

The release of gases (previously adsorbed in the 
mold material) upon sudden heating by the molten 
titanium was felt to be another possible source of 
porosity, particularly with carbonaceous molds, 
since it is known that graphite, when heated in 
vacuum, continuously releases gas up to 2150°C." 
Casting using consumable melting in vacuum of a 
chloride-free electrode was used to evaluate various 
mold preparation procedures. Of all techniques 
tried, only the use of expendable, graphite molds 
(previously fired at 1600°C in vacuum) or reducing 
atmosphere followed by vacuum firing at 600°C, 
resulted in complete elimination of porosity. A 
radiograph of such a casting is shown in Fig. 3. 
Some porosity was obtained if these molds were 
heated to only 1000°C in a reducing atmosphere. 
Castings poured into machined, graphite molds also 
exhibited porosity after being degassed at 1000°C in 
vacuum. 

In the course of this investigation a wide variety 
of mold materials was used. Expendable molds of 
alumina and zircon were tried both with and with- 
out a sprayed-molybdenum coating. They were both 
discarded because of extreme surface reaction and 
roughness. 


Expendable graphite found to be good 


Extremely good results were obtained in this in- 
vestigation, using an expendable graphite material 
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Fig. 4—Titanium casting hardness traverse showing depth , of 
hardening for a ‘2 in. cross section. 


developed by A. L. Feild of du Pont.’ This material 
may be processed by standard sand foundry equip- 
ment in the first stages of preparation. A final high- 
temperature firing is necessary. When this final 
firing is done at temperatures up to 1600°C in a 
vacuum, or 1600°C in a reducing atmosphere fol- 
lowed by a vacuum firing at 600°C, the resulting 
material is essentially only graphite or carbon and 
negligible surface contamination results. 

Surface hardness traverses for several castings 
produced with expendable-graphite mold material 
are shown in Fig. 4. It can be seen that the recom- 
mended high firing to 1600°C drastically reduces the 
degree of surface contamination. Furthermore, there 
does not seem to be any increase in contamination 
for a 2-in. diam section over a %-in. diam section. 
Decrease in hardness readings very near the surface 
was found to be too consistent to be experimental er- 
ror, and is probably due to the lack of plastic con- 
straint so near the surface. Excellent surfaces are 
obtained with this expendable graphite material. 

Raw materials necessary for the expendable 
graphite molds are cheap and, furthermore, no 
reason is seen why they cannot be partially re-used. 


Physical properties 

Tensile and impact properties were determined 
for the as-cast, recommended commercial anneal, 
and dead soft conditions. The yield and the ultimate 
strength compare favorably to the wrought mate- 
rial. Per cent elongation, while quite good for cast 
material, is somewhat less than would be expected 
for wrought material. The low elongation for the 
specimen given the recommended commercial an- 
neal (1350°F, 1 hr, air cool) shows that this treat- 
ment should not be recommended for castings. 
Metallographic examination shows growth of a 
grain boundary alpha phase during the 1350°F an- 
nealing which may be responsible for loss of duc- 
tility. Reductions in area are about half that ex- 
pected for wrought material, but Charpy values are 
on a par with wrought material. Further work is 
planned to evaluate high-temperature strength and 
fatigue properties of cast 6 Al-4 V. 
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HYDROGEN 


AND SEGREGATES 


IN FLAKING 


Flaking has been a major problem in the production of large-size steel 
forgings. This article discusses the two generally accepted theories of flake 
formation, with particular reference to stresses caused by alloy segregation. 
The authors suggest means of producing flake-free steel sections. 


by T. E. Scott and A. R. Troiano 


S PANNING a period of four decades or more, many 
engineers and scientists have undertaken the 
task of determining the mechanics of flaking or 
hair-line crack formation in steels. Several theories 
have been presented, and the pertinent variables 
defined. The two most generally accepted theories 
are: a) Transformation Stress Theory, and b) Hy- 
drogen Pressure Theory. Both theories include, at 
least implicitly, two basic factors—hydrogen and 
stress. 

The Transformation Stress Theory’ states that 
flakes are a direct result of localized stresses caused 
by the volume expansion associated with low- 
temperature transformations. An example would be 
the transformation of austenite to martensite in an 
otherwise pearlitic matrix. This theory does not ex- 
clude the possible embrittling action of hydrogen. 

The currently popular Hydrogen Pressure 
Theory*” states that the immediate cause of flakes 
in steel is extreme gas pressure built up during 
cooling by the diffusion and precipitation of atomic 
hydrogen into small voids in the metal, where it 
becomes molecular. When the steel has cooled 
sufficiently to preclude a reasonable amount of plas- 
tic flow, the void pressure exerts a force capable of 
causing local brittle failure. Proponents of this 
theory admit that other types of stress may be ad- 
ditive but are insufficient per se to cause failure in 
the absence of hydrogen pressure. 

The merits and deficiencies of both the Hydrogen 
Pressure Theory and the Transformation Stress 
Theory have been discussed for several years with 
apparent experimental evidence to support one view 
or the other. The basic arguments all seem to boil 
down to one question: Does flaking occur in the ab- 
sence of stresses other than those initiated by hy- 
drogen? 


 T. E. SCOTT is research asst. in metallurgical engineering at 
the Case Institute of Technology, Cleveland, and A. R. TROIANO is 
head of Case’s Department of Metallurgical Engineering. 


Dana, Shortsleeve, and Troiano’ have shown that 
both hydrogen and stresses are essential to the 
formation of flakes. The stress source is immaterial 
to the hydrogen embrittled metal, which feels only 
the resulting magnitude and distribution of the 
stress. In other words, the disrupting force may be 
transformation, cooling, or applied stresses; how- 
ever, transformation stresses are those which yield 
the usual flake pattern. Results of the present in- 
vestigation confirm their observations. Conse- 
quently, it becomes strikingly obvious that alloy 
segregation in large steel sections may play a very 
significant role in the mechanics of flake formation. 
Many authors **” have recognized an association 
between flaked and segregated areas in large sec- 
tions, but little has been done to study this phase 
of the flaking problem under controlled laboratory 
conditions. 

The influence of alloy segregates on the flaking 
propensity was investigated to shed more light on 
the difficult problem of eliminating flakes in alloy 
steels in commercial practice. To facilitate this 
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Fig. 1—Transformation of austenite to pearlite plus pro-eutectoid 
ferrite of SAE-4140 and SAE 8640 steels, indicating the flaking 
characteristics of each. 
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study a laboratory specimen was developed which 
would simulate conditions in a commercial section. 


Preparation and treatment of specimens 


Steels—corresponding to SAE 4140, 8640, 4340, 
and 5140—were selected on the basis of their trans- 
formation-time curves (Fig. 1) and fabricated into 
composite specimens. The _  transformation-time 
curves were established by: austenitizing 1-% in. 
diam cylinders at 2050°F, quenching to and holding 
at 1200°F for various lengths of time, quenching in 
oil to ambient temperature, and performing lineal 
analysis to determine the degree of transformation 
from austenite to pearlite (including the proeutec- 
toid ferrite present in the microstructure). Eleven- 
inch sections were constructed, as shown diagram- 
matically in Fig. 2. The composites were then hot 
forged to weld the inserts or plugs to the matrix 
and subsequently machined into cylinders (Type A 
specimens) as illustrated in Fig. 3. 

The cylinders were austenitized at 2050°F in a 
dry hydrogen atmosphere for 24 hr and longer. 
After austenitizing, they were quenched in salt at 
1200°F for a series of times varying from just short 
of that required for the beginning of the matrix 
pearlite transformation to beyond that necessary for 
completion of the segregate pearlite reaction (Fig. 
1). Then the cylinders were quenched in oil to 
ambient temperature. After allowing about 2 min 
for the composite specimens to cool to ambient tem- 
perature, they were sectioned into %4-in. cubes, as 
indicated in Fig. 3. Each cube was placed under an 
inverted, graduated, sedimentation tube in a con- 
stant temperature (82°F) mineral-oil bath (Fig. 4) 
and aged until all evolution ceased. The aging times 
ranged from 72 hr to more than one week. Control 
specimens were treated identically, except that a 


Fig. 2—Sketch of 
Type A_ material 
prior to forging. 


SAE 4140 
(wate) 
SAE 6640 

(SEGREGATE 


nitrogen atmosphere replaced the hydrogen atmos- 
phere. 


What do the composite specimens reveal? 


It has been noted that the two pertinent variables 
in the mechanics of flake formation are hydrogen 
and stresses. How, then, would one expect segre- 
gates to influence these factors? Intuition and ex- 
perience lead to the natural conclusion that segre- 
gates may cause highly localized stresses. 

In the absence of segregates, hydrogen tends to 
diffuse from the section during isothermal heat 
treatment, cooling, and room temperature aging. 
Even with sections as small as those used in these 
experiments, simultaneous transformation over the 
entire cross-section no longer exists. Instead, the 
surface reaches the transformation temperature in 
advance of the core. Consequently, hydrogen will 


Fig. 3—a) General location of cross-sectional slice. b) Cross- 
sectional slice showing location of evolution sections. 


Fig. 4—Inverted sedimentation tubes used to determine relative 


distribution of hydrogen in Type A specimens. Results are re- 
corded in units of mineral oil displaced by hydrogen per 100 g 
of metal. Letters indicate: A) Sections containing segregate; B) 
Center section; C) Type of section under inverted tubes. 
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tend not only to outgas during this stage, but will 
also diffuse inward where its solubility is greater, 
i.e., where the steel is still austenitic. Therefore, at 
any given instant after transformation begins, a hy- 
drogen concentration gradient which increases to- 
ward the center would be expected. After trans- 
formation is completed the gradient persists, but the 
general outgassing trend is predominant, thereby 
steadily reducing the overall hydrogen concentra- 
tion level. 

When a segregate is inserted in the cross-section, 
the maximum hydrogen concentration is found in 
the segregate rather than at the center. The expla- 
nation for this is relatively simple. Alloy additions 
retard the rate of transformation to pearlite, 
thereby stabilizing the austenite. Hence, during and 
after completion of the matrix transformation the 
hydrogen, which is rejected because of its lower 
solubility in the transformation products, diffuses 
to the FCC austenite segregate. 

Most metallurgists will readily realize that such 
a segregate region enriched with hydrogen is a po- 
tential source of flake formation. When the section 
is cooled to ambient temperature the transforma- 
tion to martensite induces the necessary stresses 
which cause flaking. 

The results of a few selected experiments will 
verify this proposal and bring out some ramifica- 
tions of the influence of segregates. The treatment 
and microstructure of the chosen tests are shown in 
Table I. 

Specimen A: Since there was no microstructural 
segregation in this specimen there was no enrich- 
ment by hydrogen, i.e., there was a reasonably uni- 
form level of hydrogen concentration over the en- 
tire cross-section. At first, this statement appears 
adverse to an earlier statement; however, it is 
compatible when one onsiders that the martensitic 
transformation, in contrast to the nucleation and 
growth-type transformations such as pearlite and 
ferrite, is essentially uniform for the section size 
employed here. The flakes were large, resembling 
quench cracks. Since both the matrix and segregate 
were martensitic, there should be no preferred lo- 
cation relationship of flakes to matrix or segregate. 
The quench-crack appearance of the flakes is a 
natural consequence of superposition of macrostress 
on the microstresses. This follows when one con- 
siders flakes in the broadest sense and not strictly 
from the hair-line crack appearance. 

Specimen B: Again, there was no microstructural 
segregation. However, in this instance, the hydro- 
gen level was higher in the segregates because they 
remained austenitic longer, hence, were enriched 
before transformation of the segregates was com- 
plete. The absence of flakes in this specimen cor- 


Table |. Treatment and Microstructure of Specimens 


SAE Steel Microstructure 
Speci- Matrix- 
men Segregate Treatment Matrix Segregate 


4140-8640 Direct quench 100 pct Mar- 100 pet Mar- 
tensite tensite 
4140-8640 100 min at 100 pct Pearl- 100 pct Pearl- 
°F ite ite 
100 pet Pearl- 100 pct Mar- 
tensite 
20 pet Pear!- 
ite 


5140-4340 40 min at 
1200°F 


9a > 


4140-8640 40 min at 


te 
98 pct Pearl- 
1200°F ite 


* After austenitizing in hydrogen at 2050°F. 


responds to the absence of low-temperature 
transformation stresses and attendant reduced 
macrostresses. 

Specimen C: This specimen represents a condition 
of maximum microstructural segregation. The 
segregates were completely martensitic and con- 
tained a much higher concentration of hydrogen 
than the pearlitic matrix. Flakes were essentially 
confined to the martensitic segregates, as shown in 
Fig. 5. 

Specimen D: In this specimen, transformation 
above M, was about 98 pct and 20 pct complete for 
the matrix and segregates respectively. This repre- 
sents a rather special condition which, nevertheless, 
serves to vividly illustrate the role of stress distri- 
bution and hydrogen concentration in the mechan- 
ics of flaking. Flakes were observed in the marten- 
site of the matrix but not in the segregates. The ex- 
planation for this phenomenon lies in the fact that 
the much smaller martensite areas of the matrix 
were more severely enriched with hydrogen than 
were the segregates, i.e., there was more hydrogen 
per unit volume of martensite. 


Other experiments 


In keeping with the above concept, it is signifi- 
cant to examine the details of other experiments 
performed without artificially introduced segregates 
and which appear more relevant to commercial 
aspects of the problem. 

It was noted that a change in the form of flakes 
occurred on attaining approximately 60 pct comple- 
tion of the transformation above M,. In these speci- 
mens, which contained less than 40 pct martensite, 
the cracks were typical of flakes, i.e., they were nu- 
merous, hair-lined, randomly-oriented, and deep- 
seated. Specimens containing more than 40 pct mar- 
tensite did not always crack, but when they did the 
cracks were deployed in radial or quench-like fash- 
ion. This observation was also made in an earlier 
investigation.’ It appears that the predominant fac- 
tors controlling the characteristics of ruptures in 
hydrogen-laden steels are: a) severe hydrogen en- 
richment in sections containing relatively small vol- 
umes of martensite, b) transformation microstresses, 
and c) macrostresses, particularly in sections con- 
taining larger volumes of martensite. 

The flakes usually did not propagate deeply into 


Fig. 5—Photomicrograph showing flake in martensitic segregate 
plug surrounded by pearlitic matrix of Type A specimen. 3 pct 
Nital etch; 100X. 
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the pearlite matrix in these experiments, but it is 
believed that under the proper conditions of stress 
level and distribution, e.g., cooling and applied 
macrostresses, the crack would penetrate pearlitic 
regions. 


What does this mean to the producer 
of large sections? 


The difficulties imposed by segregates in alloy 
steel sections are particularly manifest during heat 
treatment. Various anti-flake heat treating cycles 
developed in the past have been based on the me- 
chanics of flake formation, as postulated by the 
Transformation Stress Theory and the Hydrogen 
Pressure Theory. Basically, the anti-flaking cycles 
empirically derived from commercial experience 
consist of extremely slow cooling to ambient tem- 
perature, e.g., bury in ashes, or relatively long 
soaking periods in the upper subcritical tempera- 
ture ranges prior to cooling to ambient tempera- 
tures. Both of these cycles are compatible with the 
Transformation Stress Theory or the Hydrogen 
Pressure Theory in that either cycle will promote 
outgassing to below the critical hydrogen concen- 
tration (in accord with the Hydrogen Pressure 
Theory) and/or promote completion of the decom- 
position of the austenite at temperatures where 
transformation stresses may be relieved by plastic 
flow (in accord with the Transformation Stress 
Theory). 

In determining the specific cycle to be used, the 
ladle analysis is considered. However, alloying 
elements invariably retard the transformation re- 
action and, in the case of segregates which are rich 
in alloying elements, may push the transformation 
time far beyond that which is commercially feasi- 
ble. It is of even greater importance that certain 
alloying elements (Cr, Mo, V) may actually raise 
the transformation temperature to the extent that 
alloy-rich segregates may be completely unaffected 
by a prescribed heat treatment. Hence, anti-flaking 
cycles developed on the basis of ladle analyses are 
often insufficient to obtain complete transformation 
above M,. 

During the course of these experiments, the 
authors briefly examined the possibility of a bain- 
itic treatment as a means of overcoming the diffi- 
culties imposed by segregates. The bainite trans- 
formation time is not as sensitive to variations of 
alloy content or grain size as is the pearlite trans- 
formation time. Another beneficial aspect of the 
bainite treatment is that transformation times for 
the rapid bainite transformation rarely extend to 
long periods. In addition, the bainite transformation 
is a fast reaction which produces a low-hydrogen 
solubility product. The subsequent pearlite trans- 
formation, therefore, has the double advantage of 
a) insuring complete transformation above M, and, 
b) high-temperature outgassing of hydrogen from 
the low-solubility bainite. Thus, isothermal bainitic 
and pearlitic treatments may be empolyed to miti- 
gate the problem of segregates. 

Just as in commercial practice, a time delay or 
incubation period for the formation of flakes was 
observed. This is merely a reflection of the delayed 
failure phenomenon in hydrogen-embrittled steel. 
In other words, flaking is simply another aspect of 
hydrogen embrittlement wherein the disrupting 
force is usually, but not exclusively, derived from 
microstresses thereby causing the characteristic 
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hair-line crack appearance of the flakes. The time 
delay or incubation period for hydrogen-embrittled 
steels has been considered recently by Johnson, 
Morlet and Troiano”™. Briefly, the incubation 
period is believed to be the time required for the 
diffusion of a critical amount of hydrogen to the 
point of crack initiation. Hence, the phenomenon of 
flaking may be catalogued as a special case of the 
general problem of hydrogen embrittlement. 


Summary of results 


It has been suggested that alloy segregates are an 
influencing factor in the mechanics of flake forma- 
tion in steel sections. The experiments conducted 
during this investigation were designed to establish 
the validity of this postulate. 

By virtue of their inability to respond to normal 
heat treatment, segregates remain austenitic and 
become enriched with hydrogen, which is rejected 
from the surrounding matrix during transforma- 
tion. This enrichment, coupled with the high 
stresses (both transformation and thermal) induced 
during cooling, makes these segregates extremely 
susceptible to flake formation. Mixed microstruc- 
tures, which contain relatively small amounts of 
martensite, are more sensitive to flake formation 
than micrestructures consisting of higher percent- 
ages of martensite. Any heat treatment which 
completes the decomposition of austenite above M, 
with concomitant outgassing, prior to cooling to 
room temperature, will mitigate or eliminate the 
possibility of subsequent flake formation. 

It appears that isothermal heat treatment in the 
bainite region followed by conventional isothermal 
holding in or slow cooling through the pearlitic 
range offers the most economical and feasible 
method of minimizing the difficulties imposed by 
alloy segregation. 

The general behavior of flaking permits this 
phenomenon to be catalogued as a special case of 
hydrogen embrittlement. 
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A Progress Report: 


BASIC CONSTRUCTION 


IN THE OPEN-HEARTH 


A pioneer of basic construction in the open-hearth furnace sketches its 
history from wartime Germany to the present, with emphasis on US 
developments. The reasons why the future of basic construction has not 


been completely established are outlined. 
by A. H. Sommer 


ROGRESS in the more general use of basic brick 

to replace silica in the construction of open- 
hearth furnaces has been comparatively slow in 
America. Principal reason for this has been a 
greater cost differential between basic and clay 
materials in the US than in Austria, Germany, and 
the USSR. 

In the past, the quality of basic refractory mate- 
rials produced in the US, as compared to Austria, 
has been mentioned as a reason for not using basic 
brick. But for the past four or five years, the quality 
of most basic materials produced in this country has 
been satisfactory, and quality should no longer be 
considered as an important reason for their not 
being used more generally. 

Much of the early experience with basic open- 
hearth roofs was gained in Germany and Austria. 
Reports from Germany during and immediately 
after World War II indicated that a high production 
of steel was possible using all-basic roofs on the 
furnaces. Such reports resulted in complete basic 
roofs being installed on two furnaces in the US and 
one in Canada as early as 1944. 

After experimenting with a partial roof in 1943, 
The Steel Co. of Canada in 1944 installed a fully- 
suspended all-basic roof, including port-ends. This 
roof, in addition to a main roof installed about the 
same time at Ford Motor Co. in Dearborn, Mich., 
were constructed of straight brick having corbeled 
areas to form the roof contour. An all-basic sprung 
roof was also installed at the Great Lakes Steel Co., 
Detroit, in 1944. Reports covering these installa- 
tions were given at the 1945 Annual Conference of 
the AIME National Open-Hearth Steel Committee; 
they indicated considerable success, particularly in 
regard to high production. 

Reports which continued to be made regarding 
basic furnace-ends soon indicated a break-even 

A. H. SOMMER is vice president and general superintendent of 
Keystone Steel & Wire Co., Peoria, Iil. 


economy, because labor and materials for main- 
tenance were reduced, but the economics of the 
all-basic main-roof remained questionable. Ford 
Motor Co. reported in the Proceedings of the 1947 
Conference of the National Open-Hearth Steel 
Committee: 


“From the orignial basic roof installation up to 
the time of the last rebuild, this furnace has had 
five basic roofs and has produced a total of 229,- 
429 net tons in 1247 heats. It was apparent early 
in this experiment that, from an economical 
standpoint, the cost of the basic roof could not be 
justified on the basis of refractories alone. Ex- 
perience has shown that the roof life was not 
enough better than silica on similar furnaces to 
offset the added expenditure. Figures on the last 
two roof campaigns indicate a roof brick con- 
sumption of 11 lb per ton as compared with about 
6 lb per ton on silica roofs.” 


In 1947, an all-basic roof and basic ends were 
installed on No. 10 furnace at the South Chicago 
plant of U.S. Steel Corp. By that time Great Lakes 
Steel Co. and Ford Motor Co. had, however, discon- 
tinued experimental work with basic brick in main 
roofs. The all-basic roof at South Chicago was 
constructed of key-shaped brick instead of 
straights. Since that time key-shapes have become 
generally accepted as being more practical for port 
roofs. During 1947-1948 key-shaped basic brick 
were also used, with indicated success, to replace 
portions of alternate rings of silica brick along the 
front and back of open-hearth roofs. This type of 
construction soon became known as zebra roof and 
is still used in many plants today. 

A report on the all-basic furnace at the South 
Works of U.S. Steel is given in the Proceedings of 
the 1950 Annual Conference of the National Open- 
Hearth Steel Committee. It reads as follows: 


“Careful appraisal of the experience to date in- 
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Fig. 1—Typical outline of a furnace having basic brick in the 
front wall, back wall, and end panels above the floor line. Basic 
brick here constitute 16.4 pct of the total. 


dicates that the all-basic furnace, as operated in 
No. 2 shop under average conditions, has not yet 
proved economically advantageous over the con- 
ventional silica furnaces. The contributing factors 
may be traced to two important elements: 1) the 
high cost of basic construction, and 2) the high 
rate of fuel consumption.” 


Between 1950 and 1954, the use of basic brick in 
open-hearth construction continued to increase 
gradually. However, this increase seems to have 
been limited to areas other than the main roof, ex- 
cept where zebra main-roof sections were being 
tried out. Basic-ends, chill arches, and fantail 
nosing were becoming common, and in some basic 
end installations, basic brick were used in all slag- 
pocket walls. By that time there were also some 
cases in which silica and high-alumina brick were 
beginning to replace basic brick trials in slag- 
pocket walls and chill arches, due to the high cost 
differential between clay and basic material. 


Recent experience with all-basic 


Keystone furnaces: In 1954, an all-basic flat roof 
was installed on a furnace previously equipped 
with basic ends at Keystone Steel & Wire Co. in 
Peoria, Ill. During the initial campaign, this furnace 
produced 503 heats or 89,537 tons. This was the be- 
ginning of a second phase of special interest in all- 
basic construction in the US. Within 18 months 
after this furnace completed its first run, six more 
complete flat basic roofs were installed, including a 
second one at Keystone. Four were put into opera- 
tion in Illinois, one in Ohio, and another in Pennsyl- 
vania. 

The fully-suspended arched roof in the Chicago 
district continued to operate, and a third furnace at 
Keystone was converted to all-basic by installing 
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Fig. 2—Basic brick are here used in all-basic arched roof, all-basic 
slag pockets, and basic caps on the checkers. Basic brick here 
constitute 75.9 pct of the total, and amount to 11'2 Ib per ton 
of steel produced. 


an arched suspended roof using restricted uptakes 
or Maerz port-end construction. All of the all-basic 
furnaces operating at that time seemed to indicate 
that somewhat over 100,000 tons could be obtained 
with a moderate amount of replacement—30 pct of 
area 9-in. thick. 

By 1956, the use of basic brick in the US had been 
extended to include fantail construction and the top 
eight courses of checkerwork. Many plants con- 
tinued using basic brick in the front and back sec- 
tions of the main roof. 

Fairless furnace: Early in 1958, the U. S. Steel 
Corp. developed and installed a combination sprung 
and partially suspended all-basic roof on a com- 
paratively large furnace at its Fairless works. On 
large furnaces tapping 350 tons and using a high 
percentage of hot metal, this type of basic roof, 
sometimes called hold-up hold-down, has produced 
varied results and in some instances over 175,000 
tons or 500 heats without making major repairs. 
Normal construction of the hold-up hold-down roof 
consists of using two valley coarses made up of key 
brick 12-in. long and two rib coarses made up of 
15-in. key brick with a steel plate placed between 
the rib coarses. The steel plate is held up or down 
as shown in Fig. 5, except that billets are some- 
times used instead of I-beams. 

Various modifications of this type roof were 
discussed at the 1959 Annual Meeting of the AIME 
National Open-Hearth Steel Committee. One varia- 
tion utilizes tab brick which are suspended by means 
of wire hangers over the steel plates placed between 
each four coarses running radially across the fur- 
nace. In Fairless type of construction, less costly 
brick shapes and sizes are used as compared to the 
simplest type of fully-suspended construction. It 
may, therefore, prove to be more economical on 
large furnaces. 
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Fig. 3—Flat-type basic 
roof, constructed with 15 
and 18 in. straight brick. 


Section Ar £ Of Fumnace 


The all-basic roof installations at the Fairless 
works and other places have unquestionably created 
a still further interest in the use of basic brick in 
open-hearth construction. This type of construction 
reduces the cost differential between silica and basic 
material; however, we must assume, until further 
experience has been gained, that a roof which is en- 
tirely practical in one shop may not necessarily be 
the most practical in another. This assumption as to 
type of roof might also apply in regard to whether 
the furnace is under 200 tons capacity per heat 
using an all-cold charge or a 300-ton furnace using 
a high hot-metal charge. 


Present trend 


Based on recent interest and installations, the 
question as to whether all-basic roofs will rapidly 
replace silica construction in the US is no longer in 
doubt. In 1954, only two open-hearth furnaces were 
operating with all-basic roofs. Three years later, 
the number of all-basic furnaces had increased to 
11. In August 1958, 26 open-hearth furnaces were 
being operated with all-basic roofs in the US. Dur- 
ing the past year, the number using all-basic roof 
construction has increased to 136 with roofs on 
order for an additional 29 furnaces, thus anticipat- 
ing up to 165 by early 1960. There are slightly over 
900 open-hearth furnaces, including basic steel 
foundries, operating in the US and Canada, and it 
may be some time before we reach the 50 pct all- 
basic roof figure now the case in Germany. 


Furnace designs 


Hold-up-hold-down sprung construction accounts 
for approximately 60 pct of the 136 basic roofs now 
installed. Fifty-three furnaces are now operating 
with all-basic roofs using fully suspended construc- 
tion; forty-two of these have a radial contour, with 
the balance being flat. 

A survey was recently completed by the Ameri- 
ean Iron and Steel Institute’s Technical Committee 
cn Steelmaking regarding refractory usage for the 
year 1956. The survey covered a total of 713 open- 
hearth furnaces operated in the US and Canada 
during that year, and shows how the use of basic 
brick has been extended to various parts of the 
cpen-hearth in recent years. For the year 1956, 
basic brick constituted 19.9 pct of the total brick 
used for open-hearth construction, using 9-in. 
equivalents as a base. In some plants, basic brick 
was less than 5 pct of the total used, while in others 
it was up to 80 pct. It is evident from this wide 


range of basic-brick usage that some plants might 
still be using silica brick in furnace ends and back 
wall. It is also evident that the all-basic furnace, 
which might include basic capped checkers, will 
reduce clay brick to a rather small percentage of 
total refractories used. 

A brief study of the AISI report indicates that 
basic brick comprise between 62 and 80 pct of the 
total refractories used in an all-basic furnace. 
When complete basic ends and zebra construction 
are used, basic brick make up 40 to 55 pct of the 
total refractories used. When only the front, back, 
and end walls above the floor are basic, 15 to 23 pct 
of the total brick used are basic. With only the front 
and back wall basic, the total basic-brick consump- 
tion amounts to 10 pct or less. 

Fig. 1, taken from the AISE report, is a typical 
outline of a furnace having basic brick in the front 
wall, back wall, and end panels above the floor line. 
Basic brick in this installation is reported to be 
approx 16.4 pct of the total. 

Fig. 2 shows how basic brick is used in two of 
Keystone’s furnaces with all-basic arched roofs, 
all-basic slag pockets, and basic caps on the 
checkers. In this case basic brick amount to 75.9 pct 
of the total refractories used. 

Fig. 3 illustrates a flat-type basic roof used at 
Keystone; it is constructed with 15-in. and 18-in. 
straight brick. Fig. 4 illustrates a fully-suspended 
arched-type basic roof used at Keystone; it is con- 
structed of 15-in., 18-in., and 21l-in. key-shaped 
brick. 

The first partially-suspended sprung roof consist- 
ing of key shapes having ribs and valleys was in 
operation early in 1958; however, soon after this 
installation, a modified fully-suspended type of con- 
struction was considered, including the use of tab 
brick as illustrated in Fig. 5. The modified sus- 
pended-type of construction included steel plates 
between every fourth coarse. 

Fig. 5 illustrates a combination of suspended and 
sprung type all-basic roof, using 12-in. or 15-in. 
tab brick and hold-down arrangement. This type of 
roof could be constructed without using tab brick 
and having ribs and valleys as is normal for hold-up 
hold-down roofs installed at Fairless works. 

Fig. 6 illustrates a new type of all-basic furnace 
now under construction at the Keystone plant. It 
has a modified slope of the front and back wall 
which will permit a comparatively high and narrow 
main roof. This modification of the European 
Maerz-Boelens furnace embodies the control of 
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Fig. 4—Fully suspended arched-type basic roof, constructed with 
15, 18, and 21 in. key-shaped brick. 


flame development and direction through the use of 
two small uptakes and special port-end construc- 
tion, thus making practical use of the combustion 
space at the end of the furnace. The relatively high 
main roof should reduce basic brick consumption in 
this area; however, more brick may be consumed in 
the modified front and back wall areas. 


Future progress not assured 


One or possibly two years from now, through 
additional open-hearth experience under varied 
operating conditions, we may have the answer as 
to which type of basic roof is the most economical 
to use. 

In regard to simplicity, various roof types might 
be compared with respect to the kind and number 
of brick shapes required and whether or not the 
roof should be laid up and carefully keyed over 
forms. These factors and whether or not the main 


Neon! 


Fig. 5—Combination suspended and sprung type all-basic roof, 
using 12 or 15 in. tab brick and a hold down arrangement. 


roof is flat or arched are, in the writer’s opinion, less 
important in regard to roof life and furnace per- 
formance than is the height of the main roof and 
port-end design. Changes in firing techniques, in- 
cluding the pressurizing of gaseous fuels and higher 
firing rates, has permitted a substantial increase in 
roof height without substantially increasing fuel 
consumption—as was the case with most of the early 
all-basic roof installations. 

Better control of flame development and direction 
through greater use of driven fuels has and will per- 
mit simplification of port-end construction and the 
elimination of troublesome roof knuckles. Such 
changes should do much to make the all-basic roof 
and the use of basic brick in general more practical 
in the future than they appeared to be up to 1954. 

Future progress in all-basic open-hearth con- 


Ist Campaign, 
7-5-54 to 3-1-55, 


Number of heats 503 690 

Ingot tons 89,538 121,924 

Roof thickness, in. all 15 slotted part 15, 18 waffle; 

balance 15 slotted 
67 


Repairs, pct roof area 35 
Roof wt, Ib 283,000 298,000 
Repair, wt, Ib 60,000 163,000 
Roof brick, total wt, Ib 343,000 461,000 
Roof refractory consumption 
LD/N.T., original roof 3.17 2.45 
Lb/N.T., hot repairs 0.67 1.34 
Total 3.84 3.79 
Btu/ton 4689 


Tons/hr 


Table |. Basic Roof Campaigns on No. 4 Furnace at Keystone Steel 


2nd Campaign, 
3-28-55 to 3-11-56, 


5th Campaign, 


4th Campaign, 
4-7-58 to 3-22-59, 


3rd Campaign, 
1-3-57 to 3-15-58, 


3-23-56 to 12-24-56, 


659 660 
114,886 116,330 
12, 15, 18 rib and slotted 15, 18 


95,331 
all 15, 18 waffle 
drop section 


slotted valley slotted 

55 132 47 
309,000 292,000 308,000 
123,000 278,000 87,000 
432,000 570,000 395,000 

3.25 2.54 2.65 

1.29 2.42 0.75 

4.54 4.96 3.40 


#1 Furnace, #1 Furnace, 
Ist Campaign, 


3-7-56 to 2-11-57, 


Number of heats 648 
Ingot tons 113,941 117,924 
Roof thickness, in. all 15 tab 12, 15, 18 tab, 
rib, valley 
Repairs, pct roof area 76 
Roof wt, Ib 308,000 293,000 
Repair, wt, Ib 97,000 199,000 
Roof brick, total wt, Ib 405,000 492,000 
Roof refractory consumption 
Lb/N.T., original roof 2.70 2.48 
Lb/N.T., hot repairs 0.85 1.69 
Total 3.55 4.17 
4815 


Btu/ton 4765 
Tons/hr . 


Table I!. Basic Roof Campaigns at Keystone Steel 


2nd Campaign, 
2-25-57 to 2-27-58, 


Furnace, 
Ist Campaign, 
10-30-56 to 6-30-58, 


#2 Furnace, 
Ist Campaign, 
2-28-58 to 3-9-59, 


#1 Furnace, 
3rd Campaign, 
7-21-58 to 5-11-59, 


57 704 974 
101,781 123,847 170,470 
tab 15-18 tab 15, 18, 21 15, 18 waffle 
drop section drop section slotted 
32 54 155 
333,000 346,000 302,000 
65,000 112,000 303,000 
398,000 458,000 605,000 
3.27 2.79 1.77 
0.64 0.90 1.78 
3.91 3.69 3.55 
5213 4961 4 
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Fig. 6—New type of all-basic construction now underway at Key- 
stone. Main feature is modified slope on front and back walls 
which permits a comparatively high and narrow main roof. 


struction depends on the answers to some important 
questions, such as: 


1) Will volume production of basic materials, as 
now required, help the development of a more 
favorable cost? 

2) Can a portion of the large amount of par- 
tially-consumed basic materials be salvaged for re- 
use in furnace rebuilds directly or in the manufac- 
ture of second-quality basic brick? 

3) What chemical effects will the increased use 
of oxygen for combustion and carbon reduction in 
the open hearth have on basic-lined furnaces? 

4) In conjunction with all-basic roofs and high 
firing rates—will multiple-pass checkers require 
still more basic brick in furnace end construction? 


5) If roof height has been a major factor in im- 
proving the life of an all-basic roof, will special 
port-end construction make it more practical to 
again use silica brick in a high main roof? 


Only partial answers to these questions are now 
available, but a brief discussion of the questions 
listed may, nevertheless, be practical. 

The first question pertains to cost, and a recent 
study indicates that, with prices in effect today, 
there is still a differential of approximately 5 to 1 
between the cost of basic material and silica re- 
quired for open-hearth roof construction. 

The second question pertains to the re-use of 
basic materials. Some test brick have been made in 
the US by ramming crushed used material, com- 
bined with 25 pct new materials, into a steel case 
for patch work in a basic roof; such patches lasted 
up to 296 heats. In Europe many plants return 
clean basic material in the form of bats to a plant 
which re-grinds such material and manufactures 
a second-quality basic brick, costing the consumer 
about one-half as much as new basic brick. 

The third question pertains to the effect that 
waste gases carrying a high percentage of iron 
oxide may have on basic roof and end construction. 
It cannot be answered by Keystone’s limited ex- 
perience which does not include extensive use of 
oxygen for carbon reduction or any experience with 
roof lances. 

The fourth question pertains to experience at 
Keystone, where an all-cold storage and relatively 
high firing rates are used. This experience indicates 
that an all-basic roof might eventually lead to a 
basic lining in the furnace through the hot pass 


when multiple-pass checkers are used. Reports of 
some tests made in open-hearth shops using hot 
metal and oxygen lances indicate that the high 
iron-oxide content of the waste gases may make the 
use of basic brick for checkers impractical. 

Question five may be controversial and perhaps 
cannot be answered without some trial installations 
being made. The effect of roof height on brick con- 
sumption in flat basic roofs should indicate results 
obtainable with silica brick. At the 1958 Conference 
of the AIME National Open-Hearth Steel Commit- 
tee, one shop having an all-basic roof 8 ft, 3 in. 
above the bath reported roof brick consumption of 
only 1.56 lb per ton of steel produced; this might 
be compared to the best result at Keystone which 
is 3.56 lb for a roof only 7 ft, 3 in. above the bath. 
If it can be assumed that the port roof of a furnace 
could be kept at a proper level to control the flame 
direction, and a main roof placed 9 to 10 ft above 
the bath, it is conceivable that super-duty silica 
brick might again be suitable for use in the main 
roof. 


Keystone’s experience 


Keystone is an all-cold charge open-hearth shop 
with about half of its output as low-carbon grades 
of steel with the balance having up to 0.90 carbon. 
Fuel is about 70 pct natural gas and the balance is 
fuel oil with saturated steam atomization. The 
average heat size is 175 tons, and the furnaces are 
all single-uptake construction, except No. 1 which 
has two small uptakes or a Maerz port-end. 

Like other plants, Keystone has been interested 
in the use of basic brick in some furnace areas, be- 
cause it is more highly refractory than silica or fire 
brick, and therefore, should be more practical, pro- 
vided the cost is not excessive. In many cases, it 
would not have been economical unless other 
factors, such as higher production, had been taken 
into consideration. Changes made in the shop have 
usually resulted in one furnace setting the pace for 
the others. But these changes have increased the 
hourly output of standard silica furnaces, because a 
special effort was made by furnace personnel to 
maintain equal earnings by gettting the most out of 
existing equipment. 

Keystone started operating its first all-basic fur- 
nace in July 1954. Since then all of the furnaces 
have been converted to all-basic with two having 
flat, suspended roofs and two having arched, sus- 
pended roofs. To date, 10 so-called roof campaigns 
have been completed on these all-basic furnaces. A 
summary of the operating results is given in Tables 
I and II. 

Comparing 13 silica-roof campaigns completed 
just prior to the 10 basic-roof campaigns shown in 
Tables I and II, the change in firing rate and other 
results are as follows: 


Silica Basic 


6629 
15.43 


3041 
14.05 


Heats 

Tons per hr 
(tap to tap) 

Btu per ton (10°) 4.73 4.83 

Firing rates, avg Btu 65.6 74.5 
per hr (10°) 

Heats per roof 234 663 
campaign, avg 
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TREATING BLIND RIVER URANIUM ORES 


By 


Leaching 


lon Exchange 


Precipitation 


by R. P. Ehrlich, A. G. Roach, 
and K. D. Hester 


From one of the world’s most important uranium 
producing areas, here is the story of how uran- 


ium precipitates are produced. This is a descrip- 
tion of techniques used in the seven mills of Rio 
Tinto Mining Co. of Canada. 
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in the non-communist world are located in the 
Blind River-Elliot Lake area of Ontario, Canada. 
This area is about 300 air miles northwest of 
Toronto, on the north channel of Lake Huron. Re- 
serves have been estimated in excess of 300 million 
tons, containing about 2 lb of uranium per ton. 
Eleven mines and mills, with capacities from 1500 
to 5700 tons daily, are presently producing uranium 
precipitates in this area. Seven of these operations 
are controlled by the Rio Tinto Mining Co. of Can- 
ada Ltd., and constitute the subject of this paper. 
The plants are all treating the same type of ore, 
and use what might be considered a standard acid 
leach flowsheet. The ore is crushed, ground and de- 
watered before leaching. Excess free acid is required 
for leaching, after which the leached ore and the 
solution are separated by means of thickeners and/ 
or filters. The solution is clarified, purified, and up- 
graded by means of ion exchange, and the uranium 
is precipitated by means of magnesia or caustic. 
The ore occurs as a quartz pebble conglomerate, 
with pebbles averaging 1% in. to 2 in. in size. The 
fine-grained matrix is composed of sericite, chlorite, 
granular quartz, and pyrite. Pyrite is the chief sul- 
fide present and occurs in amounts of from 3 to 
over 10 pct. The matrix contains most of the micro- 
scopic uranium mineralization in which uraninite, 
pitchblende, and brannerite have been identified. 
Brannerite (uranium titanate) is apparently the 
chief uranium mineral, with uraninite being next 
in quantity. 


Leaching practice 


Operating experience has resulted in the follow- 
ing leach procedure for the Blind River-Elliot Lake 
ores. The ore is first ground to about 60 pct —200 
mesh and dewatered, so the feed to the leaching 
circuit is about 68 pct solids. Sufficient acid is im- 
mediately added to give a free H.SO, concentration 
of between 50 and 70 gpl. The total amount of sul- 
furic acid required depends upon the acid consum- 
ing minerals present in the ore. 

After 8 hr sodium chlorate is added as an oxidiz- 
ing agent. The quantity added is governed by ferric 
iron titration, so that at least 2 gpl of ferric iron 
remain in the solution at the end of leaching. The 
quantity required depends upon the amount of iron 
introduced during grinding. 

Live steam, at 30 psig, is introduced about 5 ft 
below the pulp level to bring the leach temperatures 


the largest reserves of uranium ores 


R. P. EHRLICH, A. G. ROACH, and K. D. HESTER are with Rio 
Tinto Management Ltd., Toronto, Ontario, Canada. This paper 
was presented at the 1959 AIME Annual Meeting in San Francisco. 
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Fig. 1—Simplified flowsheet of the Blind River-Elliot Lake uranium 
mills. 


to between 120°F and 145°F, depending upon the 
type of leaching vessels used. 

The following factors determine the best possible 
recovery at the lowest cost: 

Fineness of Grind: Fineness of grind was shown 
to have relatively little effect upon extraction. 
Hence, it is most economical to grind as coarse as 
possible, bearing in mind that the pulp has to be 
pumped, and so on, and is abrasive. At the present 
time, the ore is ground to between 55 pct and 60 pct 
—200 mesh, with less than 1 pct +48 mesh. 

Percent Solids: Since a free acid concentration is 
the most important condition for efficient dissolution 
of uranium from these ores, it is important to oper- 
ate the leaching circuit at as heavy a pulp density 
as possible, because the less solution associated with 
the ore, the less acid need be added to achieve the 
proper free acid concentration. Tests have indicated 
that 68 pct to 70 pct solids is the best operating 
range. Higher densities have indicated a drop-off in 
the dissolution rate, probably due to insufficient 
fluidity of the pulp, thereby limiting contact be- 
tween acid and uranium minerals. 


Table |. Chloride Elution Cycle in Four-Column Fixed-Bed Plant 


Quantity 

Step in Bed Flowrate 

No. Volumes US Gpm Solution Disposal 

A 0.7 200 Water flush To washing thickener 
B 0.7 90 Return eluate To washing thickener 
¢ 1.7 90 Return eluate To first split precip. 

D 9.4 90 Return eluate To second split precip. 
E 0.7 90 Fresh eluate To second split precip. 
F 11.1 90 Fresh eluate To return eluate tank 
G 0.7 90 Water To return eluate tank 
H 45-60 min 175 Water To backwash tank 
I Drain down 

J 0.25 90 25 pet H»SO, To washing thickener 
K 0.25 90 Water flush To washing thickener 
L 0.85 90 Water flush To fresh eluate 
M 1.65 90 Water flush To drum filter sprays 
N Cell goes on standby. 


Acid Added and Free Acid Concentration: Sul- 
furic acid is fed at 93 pct strength, the rate being 
manually controlled by titrations for free acid. The 
total acid used is dependent upon the free acid con- 
centration required plus the acid consumed by the 
ore and abraded iron. The important control is the 
free acid concentration of the solution, and, as long 
as sufficient free acid is present, the uranium ex- 
traction will approach 95 pct. For this ore it has 
been shown that a free sulfuric acid concentration 
in excess of 40 gpl is required. 

Sodium Chlorate Additions: Sodium chlorate is 
added in a 25 pct solution as the oxidizing agent in 
converting the insoluble tetravalent uranium to the 
soluble hexavalent uranium ions. Other oxidizing 
agents have been investigated, but sodium chlorate 
has proved to be the most economical one for this 
area. Actually nitric acid would appear to be 
cheaper at higher temperatures, and is being fur- 
ther investigated. At the end of leaching, at least 2 
gpl of ferric iron must be present for efficient ex- 
traction, although most plants operate at a higher 
level. 

Temperature of Leaching: Initial tests on samples 
indicated that an elevated temperature was neces- 
sary to efficiently recover the uranium. Since only 
agitators were being considered at that time, the 
temperature for leaching was held to 120°F—the 
maximum temperature at which type 316 stainless 
steel would resist corrosion at the acid concentra- 
tions employed. This temperature yielded extrac- 
tions on the order of 90 pct, but tests indicated that 
this extraction could be improved if the temperature 
could be increased. Pachucas are now being em- 
ployed for leaching, and since these do not have 
stainless steel in their construction, it is possible to 
increase the temperature during leaching. 

Steam is added through injection pipes extending 
about 5 ft below the pulp level. It is controlled auto- 
matically, and a constant temperature is maintained 


Teble II. Regeneration Procedure in Four-Column, Fixed-Bed Plant 


a) 6.5 bed volumes of 2 pct NaOH at 40 US gpm to waste. 
b) 1.0 bed volumes of 2 pct NaOH in which the resin soaks for 


8 hr. 

c) Water flush at 100 US gpm for 1 hr—to waste. 

d) Backwash for 1 hr at as high a flowrate as possible without 
losing resin—to backwash tank. 

e) Drain down column (necessary after backwash in an air-dome 
column) 

f) 1.6 bed volumes of 25 pct HeSO, at 40 US gpm—to waste. 

g) 1.0 bed volumes of 25 pct HeSO, in which the resin soaks for 


8 hr. 
h) Water flush at 100 US gpm for 1 hr—to waste. 
i) Backwash for 1% hr at as high a flow as possible. 
j) Drain down. 
k) Regenerated resin now sits until required for use in the plant. 


Table III. Typical Solution Analyses in Four-Column, Fixed-Bed 


Plant, Gpl 
Return High-Grade Fresh 

Pregnant Barren Eluate Eluate Eluate 
UsOs 0.69 0.006 0.59 4.38 0.008 
H.SO, 2.36 2.75 3.7 
So, 30.92 22.6 50.0 
P.O; 0.22 
TiO:z 0.083 
cl 0.36 35.1 35.5 
Th 0.035 0.025 
0.34 
0.96 
Fe* 2.5 0.22 0.9 
Total Fe 4.0 Nil 
pH 1.7 1.5 14 14 
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without difficulty. Pressures from 15 psi to 100 psi 
are used. Latest information indicates that 15 psi is 
best, since corrosion on the injection pipes is de- 
creased due to the lower temperature of the steam. 

Contact Time: Extraction curves indicated early 
in the investigation that after 36 hr of contact, the 
curve flattened out. Additional extraction resulted 
with additional contact time, but the rate was very 
low. For plant design a nominal 48 hr was chosen. 
This works out to be about 56 hr, because a higher 
pulp density is used in practice than in the design 
figure. 

Treatment after Leaching: At the end of leaching, 
the excess acidity has to be partially neutralized 
with milk of lime. This lime addition is automati- 
cally controlled so that the solution going to ion 
exchange has a free acid concentration of from 2 
to 5 gpl. 

Care is required to avoid local concentrations of 
lime which might precipitate uranium phosphates 
or arsenates. These would be difficult to re-dissolve 
in the later stages of the process. The lime is there- 
fore stage-added to the pulp during agitation. 


lon exchange 

All uranium solutions from the leaching of Blind 
River-Elliot Lake ores are purified and upgraded by 
means of ion exchange prior to precipitation. All 
plants use column ion exchange, with Rohm & Haas 
IRA-400 strong base anion resin. However three 
different methods of operation are used, and two 
chemically different elution systems. The methods 
of operation include: 


a) Four-column, fixed bed, air dome sets; 

b) Three-column, fixed bed, water dome sets; 
and 

c) Moving-bed plants, 10 columns per set. 
The elution systems include: 


a) Sodium chloride—sulfuric acid. 
b) Sodium nitrate—nitric acid. 


Four-column sets—fixed bed—air dome: One 
plant in the area produces approximately 3500 Ib 
of uranium per day from 600,000 US gal of solution, 
using two sets of four ion-exchange columns. Each 
column or vessel is filled with approximately 300 cu 
ft of the strong base anion resin. During normal 
operation, two columns per set are being saturated 
or loaded, one column is being eluted, and the 
fourth column per set is standing idle. Toward the 
end of the loading cycle, the idle column is cut into 
the loading circuit as a scavenger cell, enabling the 
first column in line to be fully loaded without dan- 
ger of uranium losses. Flow rate during loading is 


240 US gpm. 


Table IV. Nitrate Elution Cycle in Three-Column, Fixed-Bed Plant 


tity rate 
Bed Impe- 
Step Vol- rial Time, 
No umes Gpm Min Solution Disposal 
A 1.0 30 52 Return eluate To pregnant 
B 3.75 30 196 Return eluate To precipitation 
c 1.0 30 52 Fresh eluate To precipitation 
D 3.75 30 196 Fresh eluate To return eluate tank 
B 1.0 30 52 Water To return eluate tank 


Note: 1 bed volume 1560 Imperial gal. 
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Table V. Typical Resin Analysis in Three-Column, Fixed-Bed Plant 


Moisture = 
Strong base capacity = 3.05 meq/gm 
Strong base capacity = 1.09 meq/ml 
Total anion capacity = 3.47 meq/gm 
Polythionate = nil 

Sulfated ash = 17.52 pct 

Non silica residue = 17.42 pet 


After the first column is fully saturated, as de- 
termined by the semi-pregnant analysis, the resin is 
ready for elution. This plant is the only one using 
the sodium chloride-sulfuric acid elution system. 
During the first year’s operation, the plant was 
badly plagued with resin poisons, mainly phos- 
phates of titanium and thorium with some silica. 
A regeneration, or cleaning step, was devised to 
remove some of these poisons during every elution. 
This step has the additional advantage of recovering 
chloride ions, thereby lowering ion-exchange costs. 

The elution cycle employed is given in Table I. 

After elution, the resin is backwashed for 60 min 
using water at 200 US gpm to remove ore slimes and 
break up lumps of resin. The effluent goes into a 
conical resin trap and then to a storage tank. Since 
the effluent contains small amounts of acid and 
uranium, it is returned to the pregnant solution 
circuit. 

Some poisons, identified as primarily phosphates 
of titanium and thorium, still remain. Because of 
this, the resin is regenerated every 4 to 5 months or 
8,000,000 gal. The regeneration procedure, shown in 
Table II, reduces the ash content from about 10 pct 
to 0.5 pet. The column of resin to be regenerated is 
completely eluted, then flushed to a conical-bot- 
tomed tank used as an auxiliary for the transfer. 
Fresh or regenerated resin is moved to this readied 
empty column. The poisoned resin is then trans- 
ferred to the regeneration column from the conical- 
bottomed tank. 

Typical analysis of solutions in this ion exchange 
plant are given in Table III. Ion exchange recovery 
is about 99.1 pct. 

This was the first such plant installed in the area. 
Subsequent plants were provided with an acid- 
nitrate elution system. The following advantages 
are claimed for this system: 


1) Acid nitrate solutions are less corrosive, per- 
mitting lower construction costs; 

2) Elution is faster and more efficient, permitting 
smaller precipitation plants; 

3) Using identical elution procedures, the acid- 
nitrate cost is lower. The chloride recovery system 
discussed above has reduced elution costs, making 
the two systems not strictly comparable; and 

4) Acid-nitrate solutions are believed to remove 
more resin poisons, thus decreasing the need for 
frequent regenerations. 


Three-column sets—fixed bed—water dome: Four 
plants in the area are using three-column fixed-bed 
operation, but for the description and results, one 
typical plant is described. This plant produces ap- 
proximately 7000 lb of uranium per day from 
1,100,000 Imperial gal of solution, using seven sets 
of three columns each. Each column is filled with 
250 cu ft of the strong base anion resin. In opera- 
tion, two columns are being loaded while the third 
column is being eluted or standing idle. The flow 
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Table VI. Resin Regeneration Procedure in Three-Column 
Fixed-Bed Plant 


%4 bed volumes of 2 pct NaOH at 10 Imperial gpm—to waste. 
2% bed volumes of 5 pct NaOH at 10 Imperial gpm—to waste. 
2 bed volumes of 2 pct NaOH at 10 Imperial gpm—to waste. 
Water flush 30 min at 100 Imperial gpm—to waste. 

Backwash 1 hr at 80 Imperial gpm—to waste. 

4 bed volumes of 25 pct HsSO, at 10 Imperial gpm—to leach. 
Water flush 1 hr at 100 Imperial gpm—to waste. 

Backwash 2 hr with top manhole open so the highest possible 
rate can be obtained with no loss of resin. 


rate is so calculated that when breakthrough occurs 
in the second column, the first column is fully satu- 
rated and ready for backwashing and elution. The 
third column, which has now been fully eluted, is 
available as the second loading column. All these 
plants use a sodium nitrate-nitric acid elution 
system, as shown on Table IV. 

Backwashing is usually done after loading, al- 
though post-elution backwash has been employed. 
The normal rate is 200 Imperial gpm for 1 hr. 

Some poisoning still occurs with the nitrate elu- 
tion. The major poisons are, as before, titanium and 
thorium phosphates. Table V shows a typical resin 
analysis prior to regeneration, as determined by 
Rohm & Haas, the manufacturers. 

The resin is regenerated in situ about every 8 
months or 11 million Imperial gal, using the pro- 
cedure shown on Table VI. The column of resin to 
be regenerated is completely eluted, including the 
final water wash. This reduces the ash content from 
12 pct to 0.7 pet. 

Typical solution analyses for this three-column 
plant are shown in Table VII. Ion exchange re- 
covery is about 99.8 pct. 

It is now felt that these three-column plants are 
probably the most economical to operate, even 
though the moving bed plants, described later, do 
have some advantages. 

Moving-Bed Plants: Four of the Rio Tinto plants 
in the Blind River-Elliot Lake area are using the 
moving-bed ion exchange system, and, since they 
are identical, the results from only one plant will 
be given. This plant handles over 800,000 Imperial 
gal of pregnant solution per day to produce about 
6000 lb of uranium daily. The basic principle of a 
so-called Moving-Bed Plant is to move the resin, 
not the solutions. The major advantage of this type 
of plant is that there is no danger of eluates and 
pregnant solutions becoming mixed, since the piping 
is not inter-connected in any way. 

A moving-bed plant consists of two sets of three 
columns for loading or adsorption, one backwash 
column, and one set of three columns for elution. 
When designing a plant, it is necessary to bear in 
mind that the adsorption time must be twice as long 
as the elution time, since one elution column has to 
elute the resin from two adsorption columns, In 
these moving-bed plants, the columns are com- 
pletely filled with resin, 450 to 500 cu ft, because 
only the backwash column needs to have sufficient 
room for bed expansion. This backwash column is 
larger than the others, allowing for about 75 pct bed 
expansion. 

The moving-bed plants are operated as follows. 
Three columns in series are loaded at flow rates of 
from 350 to 400 Imperial gpm. Using 8-ft diam 
columns, this gives a rate of about 10 US gpm per 
sq ft of bed area. With each column containing 9 ft 
of resin, the pregnant solution must pass through 27 


ft of resin before being discharged as barren solu- 
tion. The pressure drop across the resin with clear 
solutions at the above flow rates is about 1.3 lb per 
sq in. per ft of bed depth. The importance of clear 
solutions is obvious. Plant practice has shown that 
80 psi at the first column inlet is sufficient to over- 
come the pressure drop at the above flow rate of the 
resin, valves, fittings, gravel bed, and pipes. 

Since three columns are used in series, there 
exists little danger of early breakthrough; hence all 
control is done on semi-pregnant analysis. When 
the first column in Jine is saturated with uranium, 
i.e., when the semi-pregnant value is equal to the 
pregnant solution value, the adsorption step is 
stopped. The resin is then moved hydraulically to 
the backwash column. 

This resin movement is accomplished by adding 
water at the rate of 200 Imperial gpm to the column, 
approximately 60 pct of it to the top and 40 pct 
through the collection distributors at the bottom. 
The resin is pushed out by the entering water, 
through an inverted funnel-ended collection pipe, 
and to the backwash column. During this operation, 
the drain value of the backwash column is left open 
to get rid of the excess water. A volume of water 
nearly twice that of the resin is required for a com- 
plete resin movement, although very little resin is 
actually moved in the last half of the cycle. 

As soon as the resin has settled in the backwash 
column, it is backwashed in the normal manner. 
After backwashing, the resin is moved to the elution 
set, where one column is now empty, the resin from 
it having been moved to the previously emptied 
adsorption column. A three-stage elution is used in 
that the solution passes through three columns of 
resin, each loaded with different amounts of ura- 
nium. The first column in line, being the lowest in 
grade, is contacted with fresh eluate, the discharge 
of which goes to the second column, and so on. At 
the end of elution, the first column is washed with 
water and is now ready to be moved to the next 
adsorption column that becomes empty. 

The typical elution cycle expressed in bed vol- 
umes and flow rate is given in Table VIII. 

At this writing, only one of the moving-bed plants 
has had a regeneration to lower the ash content, 
which has risen to 12.6 pct. About the same quanti- 
ties of chemicals were used as in the fixed bed plants 
with nitrate elution systems. The analysis of the 
ash is shown in Table IX. The bulk of the unde- 
termined portion was probably thorium. 

Typical solution analyses for a moving bed plant 
are shown in Table X. Ion exchange recovery is 
about 98.8 pct. 

At present, the only disadvantage of the moving- 
bed-type plant is that some uranium is lost because 


Table VII. Typical Solution Analyses in Three-Column 
Fixed-Bed Plant, Gpl 


High-Grade Fresh 


Pregnant Eluate Eluate 


75 10.3 0.005 


0.60 0.80 
45.0 65.0 


a) 
b) 
da) 
e) 
f) 
g) 
h) 
a 
| 
ka 
— 
H.SO, 2.0 
Total Fe 2.7 
1.2 ae 
Th 0.13 
SO, 20.0 12.0 
HNO; 20.0 20.0 
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all the loaded resin is not removed from the ad- 
sorption columns. When freshly eluted resin is 
moved over from the elution set and adsorption 
starts again, the high nitrate content of the barren 
at the beginning of adsorption will elute the ura- 
nium from this loaded resin, and it will be lost in 
the barren effluent. This problem is under study, 
and will most certainly be overcome. 

The advantages of a moving-bed plant are as fol- 
lows: 


1) Lower capital cost and less floor space re- 
quired than a fixed-bed plant for equivalent ura- 
nium capacity; 

2) More advantage is taken of the equipment 
purchased, since the columns are almost filled with 
resin; and 

3 Instead of a two-split elution, a three-split 
elution is used which increases the assay of the 
high-grade eluate solution, and reduces the volume 
to be handled in the precipitation circuit. 


Precipitation 

Both batch and two-stage continuous precipita- 
tion are used to precipitate the uranium from the 
high grade eluates. Only one plant uses batch pre- 
cipitation, and here magnesium oxide is used as the 
precipitant. This same plant uses the salt-sulfuric 
acid elution system. The other plants use a two- 
stage continuous precipitation system, with lime and 
sodium hydroxide as precipitants. 

Ammonia was considered as the final precipitant 
during the initial testing. But it was not used, be- 
cause calcining the precipitate would have been 
necessary to meet the ammonia specification con- 
tained in the first uranium contracts (0.01 pct NH, 
on a 100 pet U,O, basis). Sodium hydroxide is frac- 
tionally more expensive per pound of U,O, produced 
than ammonia, but it is not necessary to calcine the 
precipitate. This simplified the circuit and lowered 
both the capital and operating costs. 

Single-Stage Precipitation: This system is used at 
one plant, and magnesium oxide is used as the pre- 
cipitant. Five 18-ft diam by 18-ft high tanks are 
used, each large enough to take the high-grade 


Table 1X. Ash Analysis (Pct) in Moving-Bed Plant 


so, 


ALO, 


TIO, 


8.4 27.8 


18.2 


eluate from one elution. These tanks are equipped 
with slow-speed agitators, and the magnesium oxide 
is added as a 25 pct slurry. 

The MgO slurry is prepared by mixing dry mag- 
nesia with cold water in a 7x7-ft slurry tank equip- 
ped with a high-speed agitator. Mixing is continued 
for about 24 hr, at which time the slurry is trans- 
ferred to a 5x5-ft head tank. From here it is fed 
into the batch of high-grade eluate to be neutral- 
ized. The pH is raised to 6.2 or 6.5 during a 6-hr 
period by the necessary additions of MgO slurry. 
The neutralized solution is pumped to the deep well 
thickener. The underflow from this thickener has a 
pH of about 7.5. The thickener overflow contains 
about 0.008 gp] U,O, and has a pH of 5.5. This differ- 
ence in the pH of the feed, overflow, and underflow 
of the thickener is common to all plants, and the 
reason for it is not known. 

The overflow from the uranium thickener—barren 
eluate—was originally used to slurry the dry mag- 
nesia, but this had to be discontinued when the 
sulfate in the eluate reacted with the calcium in 
the magnesia and precipitated gypsum, leading to 
mechanical problems. The magnesia now used con- 
tains about 80 pct available MgO and roughly 4 pct 
CaO. 

In the neutralization of the split from the first 
part of the eluate cycle, (see under Ion Exchange 
salt-sulfuric elution), a similar procedure is fol- 
lowed, except that the pH of the split is brought up 
to 7.0. The solids are allowed to settle, and the 
supernatant liquor, assaying about 15 gpl chloride, 
is decanted. Using a 16-ft deep tank, the top 11.5 ft 
of solution is decanted, clarified on a leaf clarifier, 
and sent to waste. The slurry in the bottom of the 
tank is then pumped to the uranium deep-well 
thickener. 

This split precipitation allows a chloride recovery 
step to be used in the ion-exchange circuit and also 
permits the discardng of sufficient sulfate to keep 
a good solution balance in the ion-exchange circuit. 


Table X. Typical Solution Analyses in Moving-Bed Plant, Gpl 


High-Grade Barren Fresh 
Pregnant Barren Eluate Diversion Eluate 


UsOs 79 0.0095 10.6 0.034 0.008 


45.0 44 65.0 


Step No. Bed Volumes 


Table Vill. Moving-Bed Elution Cycle 


Operation and Solution Used 


Through Columns Dispesal 


1 - Water and backwashed, loaded resin To col. C _— 

2 0.75 Fresh eluate at 100 Imperial gpm through A,B&C To pregnant 

3 3.00 Fresh eluate at 100 Imperial gpm through A,B&C To precipitation 
4 0.75 Water at 100 Imperial gpm through A,B&C To precipitation 
5 Standby until next column is loaded — — 

6 Water and eluate resin from col. A = To adsorption 

7 Water and washed, loaded resin Tocol.A — 

8 0-75 Fresh eluate at 100 Imperial gpm through B,C&A To pregnant 

a 3.00 Fresh eluate at 100 Imperial gpm through b,C&A To precipitation 
10 0.75 Water at 100 Imperial gpm through B,C&A To precipitation 
11 Standby until next column is loaded _— —_ 
12 -- Water and eluated resin from col. B -— To adsorption 
13 ~- Water and washed, loaded resin Tocol.B anal 
14 0.75 Fresh eluate at 100 Imperial gpm through C,A&B To pregnant | 
15 3.00 Fresh eluate at 100 Imperial gpm through C,A&B To precipitation 
16 0.75 Water at 100 Imperial gpm through C,A&B To precipitation 
17 — Standby until next column is loaded _ oe 
18 _ Water and eluated resin from col. C _- To adsorption 
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Filters handling the precipitate have a capacity of 
roughly 100 lb per sq ft of filter area per day. Four 
4-ft diam by 6-ft face drum filters are used in a 
series with a water wash. They produce about 6000 
lb of precipitate per day, with a chloride content of 
0.06 pet on a dry basis. The filters are operated 
about 18 hr per day. 

Drying is accomplished in two twin-shell drum 
dryers. Feed to these dryers contains about 12 pct 
solids, from which a product containing less than 
5 pct moisture is obtained. 

Two-Stage Continuous Precipitation: In the two- 
stage precipitation plants the high-grade eluate is 
pumped from its storage tank at a rate of about 40 
Imperial gpm to the lime precipitation circuit. The 
lime precipitates sulfates and ferric iron present in 
the solution. This step, therefore, gives sulfate con- 
trol to the elution circuit, and also prevents ferric 
iron from diluting the precipitate. 

First-stage precipitation takes place in three 8-ft 
diam by 15-ft high pachucas with 60° cones. The 
solution is air agitated, as it was felt that this would 
decrease the amount of supersaturated calcium 
sulfate in the solution, thus preventing scale forma- 
tion in tanks, launders, pipes, and so on. This has 
not worked out too well in practice, because some 
scale still forms. The three tanks in series at the 
above flow give a contact time of about 3.5 hr. This 
is in excess of requirements. 

Lime is added to the first tank to raise the pH of 
the concentrated eluate from about 0.8 to about 1.8. 
This addition is pH controlled, using trough type 
feeders. A 10-pct sodium hydroxide addition to the 
third tank in line is made by means of a recorder- 
controller to give a terminal pH of 3.5. Lime addi- 
tion is varied, depending upon the quantity of sul- 
fate that has to be precipitated. 

The discharge from the first-stage precipitation 
circuit overflows to a deep-well thickener where 
0.002 lb of synthetic flocculant is added per ton of 
solution. The overflow from the thickener, which is 
essentially clear, flows to a surge tank prior to ura- 
nium precipitation. The underflow is pumped out at 
15 pct solids to a storage tank where it is allowed 
to settle further, with the clear solution decanted 
back to the thickener. After settling, it flows to a 
6-ft diam by 8-ft face drum filter which produces a 
cake containing about 60 pct moisture. This filter 
cake is repulped with water or barren solution and 
pumped back to the leaching circuit to re-dissolve 
the contained uranium. A typical analysis of the 
precipitate is shown in Table XI, and the contained 
uranium represents about 5 pct of the total uranium 
going through the plant. 

The gypsum-iron thickener overflow is pumped 
to the uranium precipitation circuit. This solution 
now contains about 10 to 15 gpl of sulfate, con- 
sidered suitable for efficient elution. The circuit 
consists of three 8-ft diam by 8-ft high flat-bot- 
tomed tanks with propellor-type agitators. The flow 
through these tanks is approximately 40 Imperial 
gpm, giving 2.5 hr contact. 

Sodium hydroxide, added as a 10 pct solution, is 
controlled by means of a pH recorder-controller. 
The first tank is controlled at a pH of about 5.0 
and the second at 7.4, which gives a pH of about 
6.5 in the thickener overflow. The flow is by gravity, 
with the last tank discharging to the uranium 
thickener. 

The overflow from the uranium thickener, barren 
eluate, flows by gravity to three 18-ft by 18-ft 


tanks, fitted with propellor-type mixers for makeup 
of fresh eluate. Nitric acid is added to restore the 
proper nitric acid-sodium nitrate concentration. 

The nitric acid addition is controlled volumetri- 
cally by flowrators to keep the nitrate ion concen- 
tration at 1.0 N. This results in about a 0.25 N HNO, 
solution. The solution is then pumped to the fresh 
eluate tank in the ion-exchange circuit. 

Some of the spent eluate is used to dilute the 46 
pct sodium hydroxide to 10 pct for use in the pre- 
cipitation circuit. By using spent eluate for caustic 
makeup, very little extra solution is introduced into 
the elution-precipitation circuit. Any extra solution 
requires the wasting of an equivalent volume of 
eluate containing valuable reagents. 

The uranium thickener underflow is discharged 
through a diaphragm pump at about 15 pct solids to 
two surge tanks. In these surge tanks the precipi- 
tate is slightly heated by means of steam coils, and 
allowed to settle further to produce a thicker feed 
to the drum filters. The clear solution is decanted to 
the uranium thickener. The thickened and settled 
uranium slurry is now mixed, and flows by gravity 
to two 6-ft diam by 8-ft face drum filters in parallel. 
A very thin cake, approximately %-in., is formed 
on these filters, which are fitted with a roller type 
discharge. A slight air blow is employed. The pre- 
cipitate is scraped off the roller by means of a stain- 
less steel scraper, and either drops to a repulper or 
directly to the dryer. In the plants which have a 
dryer installed, these filters are mounted directly 
above the dryer, but, where a common dryer is used 
for a number of plants, the precipitate is repulped, 
transferred to a road tanker, and trucked to a cen- 
tral drying plant. 

Belt type dryers are used, which produce a granu- 
lar product and a minimum of dust. 

A typical precipitate contains more than 80 pct 
U,O, and meets all the contractual specifications. 
When it is considered that the precipitate has not 
been calcined, the lime-sodium hydroxide method 
of precipitation appears as good as any other used 
today. 


Conclusions 


The main differences between the Blind River- 
Elliot Lake district plants and others treating ura- 
nium ores are in the leaching, ion-exchange, and 
precipitation circuits. 

In plants of this district, leaching requires high 
temperatures and considerable residual-free acid to 
be efficient. Ion exchange modifications include 
moving-bed plants and air-dome co’umns. Poison- 
ing agents include titanium and thorium. Precipita- 
tion is generally done continuously, on a two-stage 
basis using lime and caustic on nitrate eluates. 

At this writing, the first plant has been in pro- 
duction for three years, and the most recent only 
four months. A lot has yet to be learned about these 
plants, especially in the leaching and ion-exchange 
circuits, and many improvements can be expected 
in the next few years. 


Table XI. Typical Analyses of Gypsum-lron Precipitate, Pct 
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Phases and Processes 


HIGHLIGHTING CURRENT 
DEVELOPMENTS IN METALS 


Surface Treatments for Metals 


by Walter R. Meyer, Chairman, 


IMD Surface Treatment Committee 


EW surface treatment processes for cleaning, 

pickling, chemically polishing, testing and plat- 
ing are up-grading finishes for metals. Cleaning 
developments include the use of ultrasonics for re- 
moving buffing compounds and other solid dirt from 
metals, new organic buffing compound removal 
cleaners, and the use of chelate-containing alkaline 
detergents. Chemical and electrochemical processes 
for polishing aluminum improve the finish and en- 
able the formation of better anodizing coatings. 
Electrolytic polishing of steel, using somewhat 
hazardous chemicals, is being practiced more 
widely with special safety precautions. 

Alkaline solutions, containing chelating agents 
for iron with or without sodium cyanide, are being 
used extensively for removal of rust and scale both 
chemically and electrochemically. Unlike acids, 
alkaline de-rusting solutions do not attack the base 
metal and, in many cases, scale removal is accom- 
plished more quickly than with acid pickles. 


Corrosion Testing 

The lack of good, rapid, corrosion test methods to 
determine the outdoor corrosion resistance of cop- 
per, nickel, and chromium plated steel has been 
overcome by the development of two accelerated 
test methods. 

The two tests, which are finding wide use and 
which are replacing time-honored tests such as the 
20 per cent salt spray test, are designated as the 
Corrodkote test and the CASS test. The Corrodkote 
test uses an aqueous mixture of kaolin together 
with cupric nitrate, ferric chloride, and ammonium 
chloride. The mixture is applied to the part to be 
tested, and the object thus coated is placed in a 
humidity cabinet at 100°F with 90 to 100 pct 
relative humidity, with no condensation for a speci- 
fied number of hours ranging from 16 to 24. The 
CASS test is a modification of the acetic-acid salt- 
spray test and contains copper chloride. Exposure 
to this spray for 15 hrs is roughly equivalent to the 
corrosion obtained after one year on a part exposed 
to outdoor Detroit atmosphere. 


Duplex Plating 

A revolution is going on in the type of coatings 
applied to plated parts on automobiles due, in some 
measure, to the application of the new accelerated 
methods of corrosion testing. 

A new plating system was developed which in- 
volves the use of a sandwich-coating of chromium, 
wherein the first layer of chromium is a crack-free 
deposit, and the second coating is a bright chro- 
mium which could develop fine cracks. These fine 
cracks tend to prevent localized excessive pit corro- 
sion. Duplex chromium coatings on the order of 50 
millionths of an inch containing equal thicknesses 
of crack-free and bright chromium give good CASS 
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test corrosion resistance up to 136 hr whereas, the 
ordinary bright chromium, 10 millionths of an inch 
in thickness, is much more severely corroded in 
only 36 hr. 

In addition to developing the sandwich chromium 
coatings, the industry is now proceeding to the use 
of duplex nickel coatings with or without the use of 
base copper coatings. These duplex nickel coatings 
have been shown to have greatly increased corro- 
sion resistance over equal thicknesses of single 
layer bright nickel. The duplex nickel plates essen- 
tially consist of a semi-bright coating from plating 
baths that contain no sulfur-bearing compounds 
and which produce columnar-type nickel crystal 
structures. The first nickel coating represents from 
50 to 75 per cent of the total nickel thickness. Over 
this coating is applied a bright nickel plate which 
has a banded-type structure and is deposited from 
« nickel solution containing sulfur-bearing com- 
pounds. Greatly increased corrosion resistance of 
zine-base die castings and steel has been reported 
when protected with duplex nickel coatings of this 


type. 
Plating and Fatigue 


Many plated coatings, such as nickel and chro- 
mium, are formed with relatively high inherent 
tensile stresses which contribute to lowering of fa- 
tigue life of the plated object. Heavy chromium 
coatings on high-strength steel can reduce the fa- 
tigue life of the object to the order of 60 pct. 
Low temperature plating is worse than high tem- 
perature plating. 

The loss of fatigue strength can be overcome by 
producing a compressive stress on the base metal 
by shot peening followed by plating and then bak- 
ing. The shot peening produces compressive stress 
to depths on the order of 0.010 in., and at depths of 
0.002 in. the stress can be as high as 9000 psi. Base 
metals that have been shot peened, plated, and then 
baked may show a fatigue resistance greater than 
that of the unplated base metal. 


Chemical Reduction Plating 

Chemical reduction of nickel or so-called electro- 
less nickel plating using hypophosphite as a reduc- 
ing agent has found wide and ever-increasing use 
because it permits the formation of coatings of a 
relatively uniform thickness in holes, crevices, and 
over complicated shapes. The coatings contain both 
nickel and phosphorus and have different chemical 
and physical properties than electroplated coatings. 

Chemically-reduced copper coatings find use in 
printed circuitry, and new solutions are becoming 
available to do more efficient reduction. 

Palladium coatings can be produced from amine- 
complexed palladium salts using hydrazine as a 
reducing agent. 
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AIME Contributions 
to Building Fund 
Still $200,000 Short 


IGURES just released reveal that 

as of Aug. 3lst the AIME was 
still $200,000 short of its $500,000 
goal toward the United Engineering 
Center Building Fund. In fact, only 
the American Institute of Chemical 
Engineers has attained its member 
gift campaign quota, while ground- 
breaking ceremonies are scheduled 
for next month. So far, pledges total- 
ing $300,000 have been received from 
some 4800 of the more than 32,000 
AIME membership. 

The Metallurgical Society’s place 
in the statistics is characterized by 
ups and downs. Of the 13 leading 
local sections in total amounts 
pledged, no less than four of them 
are predominantly metals in nature: 
New York, Ohio Valley, Pittsburgh, 
and St. Louis. Cleveland, New York, 
and St. Louis are also in the top 13 
as to the average amount of their 
pledges. On the other side of the 
ledger, however, are the facts that 
only two metals sections: Ohio Val- 
ley and Lehigh Valley have attained 
or surpassed their pledge goals. As 
to the percentage of section member- 
ship pledged, not one metals region 
is to be found among the top 13. 

Because the United Engineering 
Center is to be built in New York, 
the New York section was asked to 
pledge $200,000 of the $500,000 AIME 
quota. To date, it has pledged slight- 
ly more than half that amount, but 
its average subscription of $524 tops 
the list and is equal to a $64 pledge 
per Section member. 

The total cost of both building and 
site is estimated at $10,000,000. In- 
dustry contributions of half that 
amount — $5,000,000 — have nearly 
been attained. Each of the five 
founder societies—American Society 
of Civil Engineers, American Society 
of Mechanical Engineers, American 
Institute of Electrical Engineers, 
American Institute of Chemical 


Engineers, and the AIME—was 
given a campaign goal. The AIME’s 
is the $500,000 previously mentioned. 

Edward H. Robie, Acting Secre- 
tary for the AIME Members’ Gifts 
Campaign, notes that “Some local 
sections satisfactorily com- 
pleted their campaigns. But many 
others still have a large proportion 
of their members to approach, and 
no contact at all has been made with 
members in foreign countries, ex- 
cept in Canada. Their contributions 
are invited, and may be made di- 
rectly to the AIME headquarters, 
either in one payment or in install- 
ments over the next three years. See 
your section campaign manager, or 
address your contributions to the 
AIME, 29 W. 39th St., New York 18, 


Abstract Deadline 
Nou let 


Deadline for submitting ab- 
stracts to Institute of Metals 
Division sessions at the 1960 
Annual Meeting in New York, 
Feb. 14-18, is Nov. 1, 1959. 
Abstracts should be 200 to 
300 words in length, and sub- 
mitted in three (3) copies. 
Address abstracts to: 


IMD Programs Committee 
The Metallurgical Society 
of AIME 
29 West 39th Street 
New York 18, N. Y. 


(No photographs, diagrams, or 
tables should be included.) 


C. R. KUZELL 


Kuzell to Give 
Extractive Metallurgy 
Lecture in 1960 


Charles R. Kuzell will deliver the 
1960 Extractive Metallurgy Lecture 
at the AIME Annual Meeting in 
New York, Feb. 14-18. Announce- 
ment was made by the Extractive 
Metallurgy Division of The Metal- 
lurgical Society of AIME. 


Mr. Kuzell was the 1956 recipient 
of the Institute’s James Douglas 
Gold Medal for his “outstanding 
contributions to nonferrous metal- 
lurgy, particularly in the field of 
copper smelting; for inspiring and 
guiding young engineers; and for 
notable service to his professional 
society.” Theme of this second ex- 
tractive metallurgy lecture will be 
the development of modern copper 
smelting. The first lecture in extrac- 
tive metallurgy was given by W. J. 
Kroll on The Present State of Tita- 
nium Metallurgy. 


Mr. Kuzell is the owner of many 
patents on processes and apparatus 
for the metallurgy of copper, zinc, 
and iron. Currently a director of the 
Phelps Dodge Corp., Mr. Kuzell ,is 
also a former Director of the AIME. 
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AROUND THE SECTIONS 


Southern California section's Met- 
als Branch opens the Fall meeting 
season Sept. 10th with a talk by Dr. 
J. Dale Turner, of the Semiconduc- 
tor div., Hughes Aircraft Co. Meet- 
ing in the Roger Young Auditorium 
in Los Angeles, the Section will 
hear Dr, Turner speak on The Study 
of Crystal Structures and Imperfec- 
tions in 3D. Stereographic slides and 
models will illustrate the talk. And 
in order to outfit each viewer with 
polaroid glasses, advance registra- 
tions must be made. 

The Section’s second meeting Oct. 
8th will feature Noble prize winner 
Harold C. Urey, professor-at-large, 
University of California, La Jolla. 
Dr. Urey will discuss how and why 
metal particles become embedded in 
meteorites in a talk entitled The 
Metal Particles in Meteorites. 


Connecticut section begins its 
1959-1960 meeting season Sept. 24 
with a tour of the Bridgeport plant 
of The Carpenter Steel Co. The 
afternoon tour will be followed up 
by a dinner meeting at the Univer- 
sity Club in Bridgeport. Scheduled 
is a talk on high-alloy steels by a 
member of Carpenter Steel. 


St. Louis section begins its season 
Friday, Sept. 11, with a meeting at 
the Hotel York in St. Louis. Mr. 
James Wescott, prospecting supt of 
A. P. Green Fire Brick Co., will ad- 
dress the group on Prospecting for 
Refractory Raw Materials. 

The Section’s second meeting is 
scheduled for the National Lead Co. 


Members Among 
ASTM Award Winners 


Jerome Strauss, consultant of State 
College, Pa., and retired vice presi- 
dent, Vanadium Corp. of America, 
was elected to honorary membership 
in the American Society for Testing 
Materials at its 62nd Annual Meeting 
in Atlantic City, June 23rd. Mr. 
Strauss, an AIME member since 
1921, has also been prominent in 
ASTM activities. 

Honors were also bestowed on 
other AIME members at the Annual 
Meeting. Dr. Jack H. Westbrook, met- 
allurgist, General Electric Research 
Laboratory, Schenectady, N.Y., re- 
ceived the Society’s Richard L. 
Templin Award. The annual award 
is given for the best paper on useful 
testing procedures and apparatus 
published by the Society. His award 
was for Microhardness Testing at 
High Temperatures, published in the 
1957 ASTM Proceedings. 


in Fredericktown, Mo. 


Southeast section will combine 
business with pleasure at a two-day 
meeting, Sept. 25-26, in Gatlinburg, 
Tenn. The Riverside Hotel there will 
be the “jumping off” point for the 
conclave, which boasts a full itiner- 
ary of technical sessions, dinner- 
dance, field trip, and football game! 
The Auburn vrs. University of Ten- 
nessee game on the afternoon of the 
26th will grab the spotlight of the 
meeting. 

In the technical sessions, E. E. 
Stansbury, prof of metallurgical en- 
gineering, University of Tennessee, 
speaking on Crystal Defects and the 
Properties of Crystals, will be 
among the participants. 


SECTION CALENDAR 


For your convenience in 
planning to attend local section 
meetings, a calendar of Sec- 
tions, usual meeting dates, lo- 
cations, and Section secretaries 
is to be found on the opposite 
page. All the information avail- 
able at this writing has been 
included; to fill in any blank 
spaces, contact your local Sec- 
tion Secretary. He can also 
provide you with information 
on meeting programs. Watch 
this page, too, for notices of 
coming events at your section. 


Robert J. MacDonald and W. T. 
Lankford, authors of a 1956 paper on 
The Effects of Strain Rate and Tem- 
perature on the Stress-Strain Rela- 
tions of Deep-Drawing Steel, re- 
ceived Charles B. Dudley medals. 

Mr. MacDonald, head of the Bear- 
ing and Friction Materials section, 
Mechanical Research div., Clevite 
Research Center, has been an AIME 
junior member since 1956. Dr. Lank- 
ford, a member since 1941, is chief 
research engineer of Specialty Pro- 
ducts at U. S. Steel Corp.’s Monroe- 
ville, Pa., laboratory. The awards 
recognized the paper as an original 
contribution to research in engineer- 
ing materials. 

John B. Rittenhouse, research 
specialist, Materials Section, Jet Pro- 
pulsion Laboratory, California Insti- 
tute of Technology, was awarded the 
Sam Tour Award at the June meet- 
ing. The award, designed to encour- 
age research in corosion testing 
methods, is for the paper entitled 
The Corrosion and Ignition of Tita- 


NOHC Meeting 
Set for Columbus 
Oct. 16-17 


The Fall Meeting of the Southern 
Ohio Section, National Open Hearth 
Steel Committee, AIME, is planned 
for the Deshler Hilton Hotel in Co- 
lumbus, Ohio, Oct. 16-17. 

Following registration, welcoming 
remarks will be extended by W. W. 
Bergmann, chairman of the Southern 
Ohio Section. Next on the morning’s 
agenda is a talk on The Steel Indus- 
try of Japan by A. H. Osborne, Armo 
International Corp. Chairmen for the 
opening session will be R. K. Thorn- 
berry, Acme-Newport Steel Co., and 
O. V. Ireland, Armco Steel Corp. 

Technical papers for the Friday 
morning meeting include those by 
R. L. Sigl, Detroit Steel Corp., on 
Checker and Flue Maintenance on 
Extended Furnace Campaigns; L. 
Yoder, Armco Steel Corp., Basic 
Capped Checkers; W. O. Richmond, 
Armco Steel Corp., Operating Re- 
sults with Ladle Additive Feeders; 
and J. R. McDermott, Armco Steel 
Corp., R. Kuhni, Acme-Newport 
Steel Co., and Kenneth Ott, Detroit 
Steel Corp., who will discuss the 
Expendable Immersion Thermo- 
couple. 

Then, on Friday afternoon the 
program will be under the direction 
of R. L. Lewry, Detroit Steel Corp., 
and W. O. Richmond, Armco Steel 
Corp. 

Cc. J. Petry, Acme Steel Co., and 
D. R. Loughrey, Jones & Laughlin 
Steel Corp., will present a discus- 
sion of Oxygen Steelmaking Pro- 
cesses in the day’s second session. 
Oxygen in Open Hearth Furnaces 
will be the topic of A. L. Hodge. 
Linde Co., div. of Union Carbide 
Corp. The technical session will 
close with a Progress Report on 
Basic Roofs by McBeth Sample, 
Armco Steel Corp., R. L. Lewry, 
Detroit Steel Corp., and R. E. Over, 
M. H. Detrick Co. 

Rounding out the day will be a 
dinner at 7 o’clock. Here N.O.H.C. 
National Chairman D. R. Loughrey 
will act as toastmaster. Floyd Faust, 
a minister from Columbus, Ohio, will 
be the evening’s speaker. 

Then, on Saturday, Oct. 17, the 
Meeting will wind up in attending 
the Ohio State vs Purdue football 
game in Columbus. 


nium in Fuming Nitric Acid, pre- 
sented in 1956. 

In other ceremonies, two AIME 
members were among the 13 honored 
for outstanding service to the ASTM. 
George O. Hiers, consultant, retired 
National Lead Co. metaullurgist, was 
one of the recipients. Mary R. Nor- 
ton, physical metallurgist at the 
Watertown Arsenal, Watertown, 
Mass., was the second to receive a 
ASTM Award of Merit for 1959. 
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H Society ... weldability of steels . . . process 
Welding development .. . aluminum .. . ti- 
Plans Meeting tanium, tantalum, and beryllium .. . 

and weldments. 
for Sept. 28-Oct. 1 Registration fee for non-members 


is $15. Wives in attendance are in 
for a full schedule of activities, also. 
There is no additional fee for the 
ladies. Reservations will be accepted 
through registration time, which is 
2:00 to 5:00 p.m., Sunday, Sept. 27th, 
on the fourth floor of the Hotel 
Sheraton-Cadillac. 


The American Welding Society 
will hold its Fall Meeting at the 
Sheraton-Cadillac Hotel in Detroit, 
Sept. 28-Oct. 1. 

A total of 16 technical sessions 
will be devoted to the 48 scheduled 
papers. Session topics include resist- 


ance welding . . . toughness in steel 

weldments .. . automotive welding For more details and forms, con- 
... brazing . . . miscellaneous alloys tact: Frank J. Mooney, Convention 
... nondestructive testing . . . inert- Manager, American Welding Society, 
gas welding . . . welded structures 33 W. 39th. St., New York 18, N. Y. 


RESEARCH METALLURGISTS 


MATERIALS ENGINEERS 


CERAMIC ENGINEERS 


SOLID STATE PHYSICISTS 


Advanced Technology Laboratories currently can offer a 
number of senior and junior grade positions in connection 


with materials research and development programs in the 


nuclear field. 


Opportunities exist for metallurgists, ceramic engineers and 
solid state physicists to carry out both basic and applied re- 
search in connection with fuel element development pro- 


grams. Materials engineers are needed for several advanced 


reactor design projects. A number of interesting investiga- 


tions are currently in progress covering the fields of mechani- 


cal metallurgy, alloy development, and ceramic fabrication 


techniques. 


Send resume, in confidence to Dean W. Townsend, 


LABORATORIES 


owsion or AmMERICAN-Standard 


369 Whisman Road, Mountain View, California. 
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Zener to Receive 
Medal from 
Franklin Institute 


Clarence Zener, Institute of 
Metals Division lecturer at the 1955 
Annual Meeting of AIME, has been 
named to receive the John Price 
Wetherill Medal from the Franklin 
Institute, Philadelphia. 

Dr. Zener, who is director of the 
Westinghouse research laboratories 
in Pittsburgh, will be awarded the 
medal Oct. 21st. The author of some 
90 papers, in addition to a book on 
the Elasticity and Anelasticity of 
Metals, Dr. Zener has dealt mainly 
with theoretical and experimental 
problems in the fields of solid-state 
physics and metallurgy. He also 
originated a theory of ferromagne- 
tism explaining why certain mate- 
rials are strongly magnetic. A theo- 
retical explanation of electrical 
breakdown in semiconductors is also 
credited to Dr. Zener. 


Members Take 
ASM Offices 


AIME member Walter Crafts, 
assoc dir of technology, Union Car- 
bide Metals Co., is the newly-elected 
president of the American Society 
for Metals. 

Others named include Robert J. 
Raudebaugh, supv of iron-nickel al- 
loys, International Nickel Co., trea- 
surer; Carl H. Samans, assoc dir of 
engineering research, Standard Oil 
Co., trustee; Clarence H. Lorig, tech 
dir, Battelle Memorial Institute, 
past-president; Walter E. Jominy, 
consultant to the Chrysler Corp., 
secretary; and Earl R. Parker, prof 
of metallurgy, University of Califor- 
nia, and Merrill A. Scheil, dir of 
metallurgical research, A. O. Smith 
Corp., trustees. 


India Plans 
Metals Symposium 


The Indian Institute of Metals will 
hold its 13th Annual Technical 
Meeting in Bangalore, India, Dec. 
1-5. A Symposium on Structural 
Changes in Metals and Alloys is on 
the program, together with technical 
sessions, plant visits, and _ social 
functions. Arranged in conjunction 
with the Dept. of Metallurgy, Indian 
Institute of Science, the Symposium 
is part of the Institute’s Jubilee 
Celebration. 

At the same time, the 6th Metal- 
lographic Contest and Exhibition 
will be staged in Bangalore. A 
welcome is extended members who 
may be visiting India at that time. 
For more details contact: R. D. 
Lalkaka, The Indian Institute of 
Metals, 31 Chowringhee Rd., Cal- 
cutta 16, India. 


4 


Cite Drop of 11.1 pct 
in Freshman Engineers 


Freshman engineering enrollment 
declined last Fall for the first time 
in eight years, an Engineering Man- 
power Commission survey has re- 
vealed. 

In 1958, 70,029 engineering fresh- 
men enrolled in the Nation’s schools 
compared to the 78,757 in 1957—a 
drop of 11.1 pct. Moreover, one out 
of five admission deans expects a 
further decline in engineering en- 
rollments in 1959. 

On the other hand, total college 
freshman enrollments increased 7 
pet over the 1957 figure. 

The study, undertaken by the En- 
gineering Manpower Commission of 
the Engineers Joint Council, in co- 
operation with the American Society 
for Engineering Education, attri- 
buted the enrollment drop to: 

1) A false appraisal of the long 
range engineering opportunities by 
counselors, students, and parents 
based on reports in the general press 
on lay-off and reduction of company 
engineering complements during the 
1957-1958 recession period; 

2) Increased concern about rigors 
of engineering curriculum; and 

3) Increased interest by potential 
engineering students in other scien- 
tific fields, resulting in diversion of 
students to other educational pur- 
suits. 


ELECTRON 
MICROSCOPIST 


Crucible Steel Company of 
America has unusual oppor- 
tunity for physicist or metallur- 
gist, with experience and in- 
terest in Electron Microscopy. 
Challenging assignments in- 
cluding research in solid-state 
and alloy systems. Will also in- 
clude electron-probe microan- 
alysis and electron diffraction. 
Excellent opportunity for pio- 
neering research. 

Excellent employee benefit 
programs. Salary commensu- 
rate with ability and experi- 
ence. 


Please submit complete res- 
ume to: 

Mr. J. E. Harris 
CRUCIBLE STEEL COMPANY 
OF AMERICA 
P.O. Box 88 
Pittsburgh 30, Pennsylvania 


EMD BYLAW REVISION 


A proposal has been made to 
amend the bylaws of the Ex- 
tractive Metallurgy Division in 
order to provide for an Extrac- 
tive Metallurgy Lecture Com- 
mittee. The following amend- 
ment is proposed to Article IX, 
Section 8: 

“It shall be the duty of the 
Extractive Metallurgy Lecture 
Committee to select a lecturer 
and topic for a lecture to be 
given at the annual meetings 
of The Metallurgical Society. 
Each lecture should be a schol- 
arly discussion of an impor- 
tant and timely phase of ex- 
tractive metallurgy. The lec- 
turer should be an outstanding 
engineer or scientist who can 
speak with authority on the 
chosen topic. The choice of 
lecturer and topic must be ap- 
proved by the Executive Com- 
mittee, preferably a year in 
advance of the date of the 
lecture. The Committee shall 
consist of three members ap- 
pointed by the Chairman, plus 
the Assistant Program Chair- 
man and Secretary of the Divi- 
sion, who will serve as ex- 
officio members.” 

The proposal will be voted 
upon at the EMD annual busi- 
ness meeting during the An- 
nual Meeting, February 1960. 


Refractory Metals 
Symposium Set for 
Detroit Next May 


The Institute of Metals Division's 
Refractory Metals Committee has 
scheduled its Symposium on Refrac- 
tory Metals and Alloys in Detroit, 
May 25-26, 1960 

Committee chairman Julius J. 
Harwood announces that sessions 
will be held at the McGregor Memo- 
rial Conference Center, on the 
Wayne State University campus 
there. A three-man sub-committee 
composed of J. H. Bechtold, L. P. 
Jahnke, and P. C. Rossin has been 
appointed to assist Mr. Harwood in 
the planning. Details are also being 
worked out whereby the Detroit 
section will assist in the Sympo- 
sium’s planning. 


Fisher Delivers 
ASTM Lecture 


John C. Fisher delivered the 
Horace W. Gillett Memorial Lecture 
at the American Society for Testing 
Material’s Annual Meeting in June. 
Dr. Fisher, of the Metallurgy and 
Ceramics Research dept., General 
Electric Research Laboratory, spoke 
on The Role of Dislocations in Plas- 
tic Deformation. 


English Abstracts 


of Russian Journals 
Listed by OTS 


English Abstracts of Russian 
Technical Journals is a listing of 
USSR journals currently available 
by subscription from the Office of 
Technical Services, US Dept. of 
Commerce, Washington 25, D. C. 
The listing, which covers nearly 
every phase of science and tech- 
nology, is available at that office 
without charge. 


Included among the _ Russian 
metallurgy journals are Physics of 
Metals and Metallography (Fizika 
Metallov i Metallovendeniye); Met- 


allography and Metal Working 
(Metallovedeniye i Obrabotka 
Metallov); Metallurgist (Metal- 


lurg); Nonferrous Metals (Tsvet- 
nyye Metally); and others. 


The abstracts are printed on 5x8 
in. cards, two cards to a sheet, and 
bound by the journal issue. For 
more information and prices, con- 
tact the Office of Technical Services. 


EXPERIMENTAL 
PHYSICIST 


Crucible Steel Company of 
America has opening for ex- 
perimental physicist with Ph.D. 
degree or equivalent for phys- 
ical measurements laboratory. 
This is a challenging oppor- 
tunity for solid-state research. 
Assignments include research 
and measurements—involving 
fundamental physical proper- 
ties of alloy steels and other 
complex alloys: Thermoelectric 
power, thermal and electrical 
conductivity, heat capacity, 
dilatometry, growth of single- 
crystals, zone purification, etc. 


Outstanding employee bene- 
fit programs. Excellent salary 
to qualified individual. 


Please submit complete res- 
ume to: 

Mr. J. E. Harris 
CRUCIBLE STEEL COMPANY 
OF AMERICA 
P.O. Box 88 
Pittsburgh 30, Pennsylvania 
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YOUR AIME 
DIRECTORY 


Holds the Three Sections 


We now have this sturdily constructed 
binder in stock to hold your AIME Direc- 
tory sections. The Directories of the other 
two societies are available and the binder 
is made to hold the three sections in one 
handy unit. 


You will be proud to own and display 
this book in your home or on your office 
desk. It’s handsomely bound in dark red 
pebbled Fabrikoid with the AIME seal and 
“Directory” embossed in gold. 


Your copies of the Directories will be 
preserved during the year—no looking for 
back copies of the magazine, no dirty, 
torn, or frayed Directory sections—and the 
binder will be usable for years to come, 
holding each year’s revised Membership 
Directories. The three sections will be held 
neatly, securely, but easily removable. 


AIME Order Department 
29 West 39th Street 
New York 18, N.Y. 


The binder alone costs only $2.50 and 
we pay all postage and handling charges. 
Members may ask to be billed. 


Please send me: 
[) AIME Directory Binder Only, $2.50 
) AIME Directory Binder Complete with Three 


Society Directories, $5.00 The Directory section in which this page 
[] The Metallurgical Society Directory, $1.00 appears can be readily removed from the 
[) Society of Petroleum Directory, $.100 magazine for insertion in the binder—or 
if you wish, order the complete package 
C)_ Society of Mining Engineers Directory, $1.00 for $5.00 which includes the binder and all 


three Society Directories. 


Be sure that you get your AIME Direc- 


ony : ZONE STATE ones tory Binder from the first shipment, now 
N b gence enciese reuntitance with erdee. in stock. Simply fill in the coupon at left, 
drop it in the mail, and we will see that 


your binder is sent right out. 
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Vacuum Symposium 
Set for Philadelphia 


The Sixth National Symposium on 
Vacuum Technology will be held 
Oct. 7-9 at the Sheraton Hotel in 
Philadelphia. Technical sessions, in- 
cluding papers and discussion are in 
order for the men, while historic 
tours and other activities are 
planned for their wives. 

Registration for non-members of 
the American Vacuum Society is $45; 
this includes banquet and luncheons. 
Attendance at any or all technical 
sessions is available for a $15 fee. 
Registration fee for ladies is $10. A 
copy of the symposium transactions 
comes with each full registration. 
For more information, contact: C. B. 
Willingham, c/o the American Vac- 
uum Society, Inc., Box 1282, Boston 
9, Mass. 


Klingler, Ernest J., Manila, Philippines 
Kundrata, Fred L., Dearborn, Mich. 
Oliver, Bennie F., University Park, Pa. 
Paluszek, Andrew J., Chicago, Il. 
Junior Members 
Carruthers, John R., Fullerton, Pa. 
Dalder, Edward N., Ozone Park, N. Y. 
Lawley, Kenneth L., Columbus, Ohio 
Perbix, Gottfried W., Aachen, Germany 
Rogers, William J., Cincinnati, Ohio 
Symonds, Richard D., Tooele, Utah 
Tomita, Frank M., Flin Flon, Manitoba, Can- 
ada 
REINSTATEMENT 
Member 


Weaver, George D., White Pine, Mich. 


Junior Member 
Rosenfield, Alan Robert, Cambridge, Mass. 


REINSTATEMENT—CHANGE OF STATUS 
Student to Junior 

Dwiggins, Larry J., Cincinnati, Ohio 

SPECIAL REINSTATEMENT 

Associate Member 

Shyne, John C., Belleville, Mich. 

SPECIAL REINSTATEMENT 

Junior Member 
, Alan R., Cambridge, Mass. 


NECROLOGY 


Date Date of 
Elected Name Death 


Alexander, Gary May 14, 1959 
Boyd, William S. Dec. 30, 1958 
Dyktor, Stanley July 21, 195¢ 
Garrick, David A. a 
Gyde, James E. 
Haskell, Robert M. 
Kendall, Messmore 
McAuley, Andrew H. 
Perot, Francois 
Porterfield, Melvin H. 
Shoemaker, Clyde H. 
Vandenberg, J. R 
Welhaven, Alf 


Wilson, D! H. Mar. 10, 1959 


MEMBERSHIP 


Proposed for Membervship 
Metallurgical Society of AIME 


Total AIME membership on June 1, 1959 
was 32,176; in addition 2,619 Student mem- 
bers were enrolled. 


ADMISSIONS COMMITTEE 
L. L. Seigle, Chairman; W. L. Brytczuk; 
F. B. Foley; T. D. Jones; Harold Margolin; 
Shadburn Marshall. 


The Institute desires to extend its privi- 
leges to every person to whom it can be of 
service, but does not desire as members per- 
sons who are unqualified. Institute members 
are urged to review this list as soon as pos- 
sible and immediately to inform the Secre- 
tary's office if names of people are found 
who are known to be unqualified for AIME 
membership. 


Members 

Avner, Sidney H., Brooklyn, N. Y. 
Bailey, Gordon L. J., Birmingham, England 
Bigley, Arthur C., Jr., Anaconda, Mont. 
Blair, James S., S. Wales, G. Britain 
Colquhoun, John A., Shawinigan, Quebec, 

Canada 
Defenbaugh, Paul, Jr., Steubenville, Ohio 
Greene, Richard J., Abington, Pa. 
Huse, Herbert W., Wilmington, Del. 
Lattimore, Lawrence R., Lone Star, Tex. 
Nixon, Charles A., Huntsville, Ala. 
Perks, Robert L., Shawinigan, Quebec, Can- 


ada 
Pohl, Stanley W., Lynwood, Calif. 
Quick, Edward P., Steubenville, Ohio 
Reynolds, Adrien F., San Mateo, Calif. 
Rieppel, Perry J., Columbus, Ohio 
Siede, Alfred, Chicago, Ill. 
Stone, Morris D., Pittsburgh, Pa. 
Suchet, Jacques P., Antony(Seine), France 
Venne, Laurence J., Cleveland, Ohio 
Wonderly, Forrest M., Avon, Ohio 


Associate Members 
Chandler, Jeffery A., Pittsburgh, Pa. 


CHANGE OF STATUS 
Student to Associate 


Gill, Dildar S., Surajpur, India 
RE-ELECTION 
Associate Member 
Gallagher, Thomas F., Chicago, Il. 


SENIOR AND JUNIOR MET- 
ALLURGISTS: To plan, direct, 
carry out materials research 
and development in the nuclear 
field. Opportunities exist for 
both applied and basic work in 
a new laboratory. Currently in 
progress are programs in ther- 
mal stress fatigue, alloy de- 
velopment, high temperature 
properties, fuel element de- 
velopment, ceramic coating 
techniques and properties. An 
advanced degree and/or ex- 
perience in the nuclear field 
would be desirable. Send res- 
ume to Dean W. Townsend, 
Advanced Technology Labora- 
tories, Division of American- 
Standard, 369 Whisman Road, 
Mountain View, California. 


OBITUARIES 


Alexander, Gary (student member 
1958) was fatally injured in a moun- 
tain climbing accident near Butte, 
Mont., May 16, 1959. A senior stu- 
dent at the Montana School of 
Mines, he was granted a posthumous 
degree at Commencement Exer- 
cises in June. 


Perot, Francois, elected to Life 
membership in the AIME in 1955 in 
appreciation for his co-operation in 
the Joint Metallurgical Societies 
Meeting in Europe died May 16, 1959, 
in Nice, France. Mr. Perot, a civil and 


electrical engineer, was a Director 
and Member of the Board of 
Cockerill-Ougreé. He also 
President of the Centre National de 
Recherches Metallurgiques in Bel- 
gium. 


McAuley, Andrew H. (member 
1958) died at his home in Sault Ste. 
Marie, Ontario, Canada, recently. 
Before his death, Mr. McAuley was 
asst supt of open hearths at the 
Algoma Steel Corp. 


Dyktor, Stanley (member 1939) died 
on July 21, 1959. Born in Paris, 
France, Mr. Dyktor came to this 
country and began his own tool 
steel business in 1906. He died while 
president of the Lancaster Steel Co., 
Inc., at the age of 76. 


PROFESSIONAL SERVICES 


Limited to AIME members, or to com- 
panies that have at least one AIME 
member on their staffs. Rates $50 per 
year per inch. 


H. L. TALBOT 
Consulting Metallurgical Engineer 


Extraction and Refining of Base Metals 
Specializing in Cobalt and Copper 


Room 911, 209 Washington St. 
Boston 8, Mass. 


MAX STERN 
Consulting Engineer 
Expert for Scrap Recovery and Ship- 
wrecking— Modernization of Plants 
and Yards for Ferrous and Nonferrous 
Metal Scrap 
10 East 40th St. New York 16,N. Y. 


DR. E. TSUTSUMI 
Registered J Patent Att yé 
Consulting Engineer 
PATENT MATTERS handied . . . TECH- 
NICAL TEXT translated from J 
into English or vice versa: 2¢ an English 


word. 
Central P.O. Box 1545 Tokyo, Jepen 
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- 10, AIME, Chicago Section, Golf 
‘arty ‘and Dinner, Midlothian Country Club, 
Chicago. 


on, 16-17, Annual Meeting of the American 
Casting Institute and Die — zy! Re- 
search Foundation, Edgewater Beach Hotel, 
Chicago. 


Sept. 18-19, Seventh En ring Management 

Conference co-sponsored by The Metalfurgs al 
ty of AIME, ASME, AIEE, and ot 

Hotel Statler, Los Angeles. 


. 21-22, 57th Fall meeting of the Steel 
ounders’ Society of America, at the Home- 
stead, Hot Springs, Va. 


om. 28-Oct. 1, Fall Meeting of American 
felding Society, Sheraton-Cadillac Hotel, 
Detroit. 


Oct. 5, AIME, NOHC Chicago Section Fall Din- 
ner Meeting, Phil Smidt’s Restaurant, Ham- 
mond, Ind. 


Oct. 5-6, 27th Annual Meeting of Engineers’ 
Council for Professional Development, Wade 
Park Manor, Cleveland. 
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Oct. 7-9, Sixth L, -y- Symposium on Vacuum 
Tech nolo; the American Vacuum Society, 
Sheraton Fore, Philadelphia. 


Oct. 8-9, AIME, NOHC Southwestern Section, 
a Meeting, Pere Marquette Hotel, Peoria, 


Oct. 9, AIME, NOHC Eastern Section, 13th An- 
Conference, Warwick Hotel, Philadel. 
phia 


Oct. 11-16, Third Pacific Area National Meeting 
of the American Society for Testing Materials, 
Forum on Reactor Materials, Sheraton-Palace 
Hotel, San Francisco. 


Oct. 14, AIME, Acid Converter and Basic 
Oxygen Steel Committee Technical Meeting 
and Plant visit, Algoma Steel Corp., Sault 
Ste. Marie, Ontario, Canada. 


Oct. 16-17, AIME, NOHC Southern Ohio Sec- 
tion, Fall Me eeting, Deshler-Hilton Hotel, Co- 


Nov. 2-5, Fall Meeting of bw Metallurgical 
Society of AIME, Morrison Hotel, Chicago. 


Nov. 4-6, American Nuclear Society, Winter 
Meeting, Sheraton Park Hotel, Washington. 


Nov. 6, AIME, NOHC Pittsb: Section, Off- 
the-Record Meeting, Penn-Sheraton Hotel, 
Pittsburgh. 


Nov. 9-11, 14th Technical and Operating Con- 
ference, Steel Founders’ Society of America, 
Carter Hotel, Cleveland. 


Nov. 10, AIME, NOHC Buffalo Section, 10th 
Annual Meeting, Royal Connaught Hotel, 
Hamilton, Ontario, Canada. 


Nov. 16-20, Conference on Magnetism and 
Magnetic Materials, sponsored by the AIEE, 
The Metallurgical Society, and others, Shera- 
ton-Cadillac Hotel, Detroit. 


Dec. 1-5, Symposium on Structural Changes in 
Metals and Alloys, co-sponsored by the In- 
dian Institute of Metals and Dept. of Metal- 
- Indian Institute of Science, Bangalore, 

ia. 


Dec. 2-4, AIME 17th Electric Furnace Con- 
ference, Hotel Cleveland, Cleveland, Ohio. 


Dec. 7, AIME Arizona Section, Annual Meeting, 
Tucson. 


Jan. 20, 1960, AIME, Second Conference on 
Flat Rolled Products, Del Prado Hotel, Chi- 


cago. 


Feb. 14-18, 1960, AIME Annual Meeting, Hotel 
cAlpin and Hotel Statler, New York. 


Feb. 16-19, 1960, Symposium on Hydromet- 
allurgy, Wet Processing of Minerals and In- 
dustrial Products, The Australasian Institute 
of Mining & Metallurgy, Adelaide, Australia. 
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MCA offers 


Molybdenum in all its forms 


2 Gateway Center 


Molybdenum is widely accepted in the 
iron and steel industry, because it imparts 
improvements in physical properties at 
costs that may be economically justified. 
Such properties are effective both in econ- 
omy of production and user benefits. In 
high speed steels, automotive steels, in 
aircraft and missile steels, molybdenum 
by MCA performs to meet designer’s 
requirements. 

This expanding use of molybdenum 
has resulted in demand for various 
forms—chemicals, metal powder, metallic 


CORPORATION OF AMERICA 


Subsidiory. Cleveland-Tungsten, Inc, Cleveland 
Plants: Washington, Pa., York, Pa. 


Pittsburgh 22, Pa. 


Offices. Pittsburgh, Chicago, Los Angeles, New York, San Francisco 
Soles Representatives: Brumiey-Donaldson Co., Los Angeles, San Francisco 


molybdenum and molybdenum oxide. 
MCA offers molybdenum in all com- 
mercial forms for easy and practical ap- 
plication in the mill. In addition, MCA’s 
technical knowledge is unsurpassed and is 
available to the iron and steel maker upon 
request, free of charge. 

When you have a metallurgy problem 
that molybdenum might solve, think first 
of MCA. When you need molybdenum 
in any form or quantity, MCA has it 
available for your use in iron and steel 
improvement. 
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why you have 
FOURTEEN DIFFERENT CHOICES | 


Ohio Ferro-Alloys offers a wide range of different alloys of chromium for the 
same reason that the world’s finest golfers use fourteen different clubs: each is 
designed to do a special and specific job. The most accomplished golfer would 
have trouble trying to chip with a two wood, just as the most skillful production 
man would have trouble using a chromium alloy not formulated for his particular 
application. 


By depending on Ohio Ferro-Alloys, you get the chrome you need in the form 
and formulation you want. They’re listed below, and a request from you will 
bring complete information on the chromium alloys best-suited to meet your 
requirements. 


CHROMIUM ALLOYS by OHIO FERRO-ALLOYS 


High Carbon Ferrochrome Charge Chromes Low Carbon Ferrochrome 
Low Chrome Ferrochrome Low Carbon Ferrochrome-Silicon Chrom-Add-6 ¥ 
Chrom-Add-4 Chrom-Add-05 Chrom-Add-25-5 Chrom-Add Briquets | 


Chrom-Sil-Add Foundry Ferrochrome Ferrochrome-10 Chromium Briquets 


Ohio Corporation 
Canton, Uhio 


Birmingham Boston Chicago Denver Detroit Houston Kansas City Los Angeles 
Minneapolis Philadelphia Pittsburgh Salt Lake City San Francisco Vancouver, B. C. 
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